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Preface 


At the time it was decided to plan this second edition of Noninvasive Mechanical 
Ventilation in High-Risk Infections, Mass Casualty and Pandemics, it was a difficult 
time for many of our authors and the world due to the severe situation lived during 
this pandemic caused by COVID-19. This unfortunate situation affecting our lives 
and daily work is a great justification for the publication of this new edition. As for 
the basis for the first edition, we were unaware that our future as physicians will be 
at large determined by this pandemic. 

In this book, we remain committed to establishing the fundamentals of all the 
options involved in avoiding orotracheal intubation in our patients, because it is 
known that the prognosis is very different in terms of mortality. This edition con- 
tains important information that the authors and the editor present in this index 
where the reader can consult not only the fundamentals but also the updated results 
of different infectious or non-infectious processes that can present in the form of 
acute respiratory failure. 

Noninvasive mechanical ventilation and nasal high-flow therapy, together with 
the other procedures described, require a solid knowledge of the pathophysiological 
phases that lead to the development of respiratory failure, the ability to establish a 
correct indication and exclusion of those patients who require endotracheal intuba- 
tion, the establishment of protocols for early detection of response and detection of 
failure, and guidelines for the protection of healthcare personnel. 

We have organized the contents into rationale, pathophysiology, prehospital and 
hospital organizations, equipment, clinical experiences in main section—adults 
with high-risk infections, pediatrics-neonatology high and summary guidelines, 
protocols, outcome, and strategies to control infections and the latest knowledge on 
situations of mass casualties associated with biological or chemical agents. 

For practical proposal, specific section about the diagnosis and prevention of 
failure of noninvasive ventilatory approach is an original contribution for this sec- 
ond edition. 

We have extended chapters reporting on ethical and palliative aspects of situa- 
tions that unfortunately clinical practice in real situations has shown us to be of high 
interest to know what the best prospects could be. 

Although the future is difficult and impossible to predict, we wanted to include a 
specific section summarizing lessons learned and possible questions that even the 
advance of science cannot answer as a final open point of the book. 


vi Preface 


We would like to thank all the authors of this book, who in the difficult moment 
of their participation in this book have been able to give a little of their time to pres- 
ent in a masterly way all the contents that are analyzed in this book. 

lessons learned... are always safe steps. 


Murcia, Spain Antonio M. Esquinas 
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Introduction 


Since the first confirmed infection of a novel coronavirus labeled SARS-CoV-2 on 
November 17, 2019, thousands of papers have been published. Nowadays, WHO 
states that globally there were 220,217,572 confirmed cases and 4,558,806 con- 
firmed COVID-19-related deaths around the world [1]. Unfortunately, it is already 
known that these numbers are highly underestimated. COVID-19-related deaths are 
mostly caused by acute respiratory failure and/or thromboembolic complications. 
After almost 2 years of the current pandemics, we have started to see that the num- 
ber of casualties is in much higher proportion caused by other diseases, which due 
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to COVID-19-related restrictions are screened and treated less efficiently. On the 
other hand, assuming that not everyone was tested and that a significant proportion 
of infected patients was symptomless or died due to undiagnosed COVID-19. 
Therefore, it may be speculated that most if not all epidemiological data are far from 
reality and data do not reflect the real disease burden, which may be probably even 
more dramatic. The incidence of the disease is reported by numerous parties such as 
local and or national authorities, but more importantly it is being reported by 
WHO. An example of this is given in Fig. | [1]. 

At the early stage of the current pandemics, the disease seemed to spread 
extremely fast. At that stage, little was known about the disease-related death risk, 
the routes of transmission have not been tested, and no causative treatment methods 
were available. This together with equipment shortage and healthcare workers’ defi- 
cit was responsible for the weary high death rate. It has been found that due to easy 
viral transmission (the disease may be spread by asymptomatic patients, especially 
those who travel long distances or have numerous interpersonal contacts), rather 
mild symptoms, which are observed in a large extent of patients, initially no precau- 
tion methods. At the beginning of COVID-19, the disease has taken global attention 
and fear. During that time, the disease spread has been fast, and the absolute number 
of cases did not increase rapidly, but the disease-related mortality was high, which 
all together caused global panic. With time, the absolute incidence grew, and the 
absolute number of deaths increased; however, the disease-related knowledge and 
availability of precaution methods gradually decreased and initially observed panic. 
Currently, in the early days of infection season of COVID-19, the incidence in 
Northern Hemisphere is increasing with an absolute number of infected people 
being much higher than in spring 2020, but society got used to disease-related risks 
and people desire to return to pre-pandemic times. The current pandemic has shown 
that with new diseases we are not ready to start target treatment and the medical care 
has to be oriented firstly on symptomatic treatment (which includes all courses of 
respiratory failure treatment such as simple oxygen therapy administered through 
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Fig.1 COVID-19 cases reported weekly by WHO region, and global deaths, as of September 5, 2021 
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nasal prongs, various types of face masks, high flow nasal cannula (HFNC), con- 
tinuous positive airway pressure (CPAP), noninvasive mechanical ventilation (NIV), 
invasive mechanical ventilation MV), and extracorporeal membrane oxygenation 
(ECMO)). Research should be started at early stages, but it has to be acknowledged 
that it needs time. Thus, at the early stages of the current and probably future respi- 
ratory system-affecting pandemics the first-line treatment will base on various 
forms of respiratory failure treatment. The currently observed situation will be com- 
pared to historically known pandemics, which caused acute respiratory failure 
development: Black Plague, Spanish flu, polio, and Ebola. The lesson from the 
COVID-19 pandemics will be used to discuss the future perspectives and threads, 
which need to be taken into account in the global world. 

The pandemic of coronavirus disease 2019, known as COVID-19, caused by 
SARS-CoV-2, announced by the World Health Organization on March 11, 2020, is 
areal problem for the whole world. After adding to these economic and social prob- 
lems, like a rise in the world unemployment rate of 5.37—6.47% or a negative impact 
on the education state for the reason of common, social isolation is easy to see how 
difficult the present situation is. In order to stop this cascade of growing difficulties, 
there must be a solution for a base problem, which is the virus SARS-CoV-2. There 
are two obvious ways to do this. First is finding a cure, which will be able to help 
patients to overcome the disease, without any bigger issues and complications. On 
May 15, 2021, there were still few medications used for COVID-19 patients for 
relieving symptoms like dexamethasone [2], remdesivir, [3] or other drugs, but none 
of them gives enough good results to prevent the development of the pandemic. The 
second way is vaccines. Before the coronavirus pandemic, there were no COVID-19 
vaccines dedicated to people. The first one that was designed for humans was called 
CanSino created in China and was approved on June 24, 2020. Since that time, a lot 
of other vaccines were created like Moderna, Pfizer—BioNTech, Sputnik V, Johnson 
& Johnson, Oxford—AstraZeneca, and Covaxin. Their usage on single individuals 
scale decreased the risk of lethal complications in the infection event, but on the 
global scale, after vaccination of the sufficient number of people, they should be 
able to stop the further development of the pandemic—at least from a theoretical 
point of view, according to present medical knowledge. This was already proven in 
earlier lethal contagious diseases, but on the other hand vaccines do not prevent 
from getting infected or infecting others. So, what is the exact dependence between 
vaccination rate in countries and number of recorded infections of COVID-19? 

In order to correctly determine the real impact of SARS-CoV-2 vaccines in 
reducing the pandemic, it is worth first to understand the impact of other methods 
used by mankind to combat the disease, so that the two issues can be correctly dis- 
tinguished from each other. One of the oldest methods used by mankind is the isola- 
tion of the sick and concern for personal hygiene. In ancient Egypt, priests, who also 
served as doctors of the time, were required to bathe in water four times each day, 
incense was burned during holidays, which released phenol—a bactericidal sub- 
stance, and slaves were given a daily ration of vegetables containing raphanin, alli- 
cin, and allistatin. Their preventive habits and concern for hygiene were adopted by 
other civilizations, e.g., Jewish culture, thanks to Moses (who was brought up to be 
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an Egyptian); thanks to whom an order to wash before and after a meal was issued, 
a person who had a diseased genital discharge was exiled, while the population took 
care of their physiological needs outside the camp. In medieval Europe, as a result 
of a significant increase in population density and almost nonexistent personal 
hygiene, the incidence of infectious diseases increased. The plague, more widely 
known as the Black Death caused by a small bacterium, bacilli, Yersinia pestis, is 
considered to be one of the most severe epidemics of that era. The medicine of those 
years was completely powerless against this disease, and the only effective solution 
was quarantine (from Italian: quaranta giorni, meaning: 40 days), first applied in 
1377 in Dubrovnik, while the first permanent plague hospital, that is, the field hos- 
pital, was opened by the Venetian Republic in 1423 [4]. 

Many of the methods above have been used by societies unconsciously, but it 
cannot be denied that they are effective only to a certain extent. Many literature 
sources agree that it was only the invention of vaccines and antibiotics that success- 
fully curbed the spread of many diseases that have periodically affected humanity 
for centuries. 

The Black Plague was present in Europe from 1347 to 1351 and originated in 
China and Inner Asia. It is estimated that 25 million people in Europe died because 
of it. The plaque recurrence was reported in 1361-1363, 1369-1371, 1374-1375, 
1390, and 1400. 


Spanish Flu 


The pandemic flu was first described after First World War as Spanish flu caused 
millions of deaths, and it starts in the spring of 1918 and returned in the autumn of 
1918, winter of 1919, and spring of 1920. Historical and epidemic data do not allow 
us to clearly determine the origin of the virus: However, the researcher Claude 
Hannoun drew the theory that the virus that caused this pandemic came from China. 
The pandemic caused deaths in the range from 17.4 million to 100 million, most 
likely 25-50 million [5]. Such high mortality was due to both poor post-war popula- 
tion nutrition and poor healthcare resources. 


Polio 


The symptoms of polio have been known since antiquity. Egyptian paintings and 
sculptures show adult people with slender limbs and children walking with a cane. 
The first clinical description was made by the English physician Michael Underwood 
in 1789 as “weakness of the lower limbs.” The works of Jakob Heine in 1840 and 
Karl Oskar Medin in 1890 contributed to the popularization of the name Heine— 
Medin disease. Until the nineteenth century, it occurred sporadically, and then, a 
pandemic occurred, mainly in the Northern Hemisphere. By 1950, the peak age 
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incidence of paralytic poliomyelitis in the USA had shifted from infants to children 
aged 5-9 years, when the risk of paralysis is greater; about one-third of the cases 
were reported in persons over 15 years of age. Accordingly, the rate of paralysis and 
death due to polio infection also increased during this time. Of the nearly 5000 cases 
reported that 3145 died and 21,269 were left with mild to disabling paralysis. 
Intensive care medicine has its origin in the fight against polio. The polio pandemics 
made great progress in mechanical ventilation. At the height of the epidemic in 
Copenhagen, over 300 patients with bulbar syndrome and respiratory failure were 
admitted per week. To deal with this humongous number of admissions, medical 
students were employed to carry on mechanical ventilation. Thanks to employing 
250 medical students, a group of 35—40 doctors were able to decrease polio mortal- 
ity in Copenhagen from over 80% to approximately 40%. Therefore, in December 
1953, the specialty of intensive care was born [6]. 

Following the epidemic, many patients did not regain sufficient respiratory func- 
tion, which created an assumption to lunch long-term ventilation. Together with the 
involvement of nurses, physiotherapists’ survival rate improved further, especially 
in long-term ventilation. Therefore, it was proved that teamwork is vital for high- 
quality intensive care. The rapid progress in intensive care, which started during the 
polio pandemics, lasted globally during the 1960s and 1970s, and ICUs were estab- 
lished in the UK. Polio created the idea of negative pressure ventilation, which was 
introduced as the iron lung, which later was used for long together the treatment of 
patients with post-polio respiratory failure. After that, huge progress in other forms 
of mechanical ventilation was also made. 

Moreover, the World Poliomyelitis Eradication Program has been in operation 
since 1988. As a part of this program, mass vaccination campaigns are organized in 
countries with weaker infrastructure, and vaccination continues in all countries of 
the world where the disease has already been eliminated. Thanks to many years of 
mass vaccination, the risk of developing poliomyelitis in Poland is close to zero. 
However, as long as there are cases of the disease in certain regions of Asia and 
Africa, there is a risk of the disease being brought to Europe. Then, unvaccinated 
children can become ill. 


Ebola 


The Ebola virus outbreak of 2013-2016 was localized in Western Africa and caused 
11,310 deaths. The virus causes serious and difficult-to-treat Ebola hemorrhagic 
fever, endemic in Africa. Multiple Ebola vaccine candidates were developed in the 
decade prior to 2014; in December 2016, information was released that the VSV- 
EBOV vaccine was 70—100% effective against the Ebola virus. In December 2019, 
it was approved by the US Food and Drug Administration for human use. Fortunately, 
Ebola with much higher mortality in comparison with COVID-19 was not dissemi- 
nated globally such as in current pandemics. 
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Future Perspectives and Conclusions 


As in the case of all other pandemics, the disease spread caused by oronasal routs 
predisposes to fast disease transmission. Although the number of casualties is much 
smaller, the COVID-19 pandemics may be compared to world wars and/or previous 
pandemics. Experience gained during previous pandemics showed that all pandem- 
ics help to introduce numerous developments, which gave profit for next popula- 
tions. Similarly, at the time of this pandemics: HFNC, conscious pronning, ECMO 
improvements and other developments both in equipment, as well as in clinics have 
been widely introduced clinical practice. For example our research team have devel- 
oped both materials as well as reinvented oxygenator construction, which are at the 
stage of patent office assessment. This represents a gain for medicine, which should 
be considered as a profit from pandemics. Fortunately, after real war the treatment 
algorithms have been improved to a large extent and, that is why, we may speculate 
that we will be able to react faster and more effectively. However, this will be 
achieved only, if global vaccination is undertaken. Otherwise, with the current glo- 
balization-related transmission risk, the current pandemics will persist for much 
longer and will cause much more casualties. To achieve full success, this process 
must be related universal obligation to get vaccinated, improvement of currently 
used vaccines, and development of programs that will address problems with non- 
responders to vaccination, which is present mostly in elderly or immunocompro- 
mised patients. 


Conclusion 


Sadly, taking a lesson from current pandemics due to world globalization it may be 
concluded that there is a high risk of future pandemic development. At the current 
stage of knowledge and with fresh experience from the COVID-19 pandemics, we 
are able to respond fast, but the effectiveness of medical actions will be always 
related to the disease-related death risk and the roots of its transmission. It has to be 
remembered that more lethal diseases may cause much higher mortality than the 
current COVID-19 pandemics, which caused millions of deaths. At this stage, uni- 
versal vaccinations seem to be the most effective anti-pandemic strategy. 
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Introduction 


History full of numerous examples of disasters and pandemics disrupts normal 
function and causes suffering exceeding the capacity of hospitals. The population 
includes not just the victims of the disaster, but also the others presenting for needed 
care. Recent pandemics and disasters underscored the importance of preparedness 
and having an organizational plan for healthcare systems. Successful management 
requires the healthcare delivery system ability to provide rapid preparation and 
training [1, 2]. All hospitals should have a detailed disaster plan that includes what 


G. Giirsel () 
Department of Pulmonary Critical Care Medicine, Gazi University School of Medicine, 
Ankara, Turkey 


© The Author(s), under exclusive license to Springer Nature 11 
Switzerland AG 2023 

A. M. Esquinas (ed.), Noninvasive Mechanical Ventilation in High Risk 

Infections, Mass Casualty and Pandemics, 

https://doi.org/10.1007/978-3-03 1-29673-4_2 


12 G. Gursel 


areas of the hospital to expand to and in what order, how to increase the ability to 
care for incoming patients, e.g., cancel routine surgeries and appointments, and how 
to gain immediate access to additional staff, e.g., reassignment of staff to affected 
areas with appropriate training. The risks of pandemic disease to clinical staff 
require that institutions have mechanisms to protect their personnel while also pro- 
viding adequate care to affected patients. 


Organization 


Intensive care units (ICUs) and providers should be at the frontlines of disaster plan- 
ning. Critical care providers also must have experience in triage and utilization of 
resources. As part of planning, they can help to educate noncritical care physicians 
and nurses to assist in a disaster event as ICU extenders [3]. 

Elements of a hospital disaster plan for dealing with an increased volume of 
patients or work include improved ICU bed capacity and design, flexible ICU staff- 
ing, reliable supply chains for personal protective equipment (PPE), ICU devices, 
consumables and pharmaceuticals, establishment of ICU triage principles, and 
improved communication with families. Cancelation of elective surgeries, routine 
outpatient appointments, rapid discharge of stable patients, and transfer of patients 
to other hospitals are other urgent organization issues [4]. 


Laboratory and Diagnostic Imaging Services 


A disaster can change the need for laboratory and diagnostic imaging support 
because of the increased demand for tests and the need for rapid, point-of-care 
results to minimize delay in clinical decision-making. Bedside clinical monitoring 
may be used as a laboratory test mitigation strategy in some cases, such as the use 
of pulse oximetry and quantitative capnography for ventilated patients. During a 
disaster, demand for diagnostic imaging studies may outstrip the capacity of avail- 
able equipment and technologists and the availability of radiologists to interpret the 
studies. The use of portable radiographic equipment having a monitor allows imme- 
diate review of images, and point-of-care ultrasound can be helpful as a substitute 
for other diagnostic imaging modalities, ruling out a pneumothorax and avoiding 
the need for portable radiographic equipment [5]. 

Disaster exercises can help educate staff on how to function during an actual 
event. Exercise and evaluation of advanced infection control strategies or advanced 
PPE may be of special significance for critical care team preparedness. 


Hospital Organizations 13 
Triage 


SCCM suggests that hospitals be able to surge immediately to at least 20% above 
hospital ICU capacity for a conventional event. If ICU beds are not imminently 
available, transfer plans to other hospitals should be made, and consideration is 
given to the cancelation of elective surgeries or procedures to decrease strain on 
available beds. In the context of overwhelming demand, the key factors being con- 
sidered when making disaster triage decisions need to include survival, quality of 
life, and the resources necessary to achieve these outcomes. The first adaptive 
response strategy is the prioritization of patients for ICU admission based on their 
level of acute needs and risk. For these decisions, bed availability, severity of ill- 
ness, presence of comorbid conditions, and age are generally considered criteria. 
Patients needing mechanical ventilation (MV), vasopressors, renal replacement 
treatment, and invasive hemodynamic monitoring are considered a higher priority. 
Lower priority patients are similar but have factors that may decrease the necessity 
or benefit of ICU care and may include limitations of care, such as directives plac- 
ing restrictions on an escalation of care, severe underlying illnesses, and/or poor 
functional baseline [4]. Patients requiring observation only also would be consid- 
ered lower priority. Patients treated with noninvasive ventilation (NIV) and high- 
flow oxygen therapy via nasal cannula (HFNC) can stay in non-ICU facilities [6]. 

Task Force for Mass Critical Care (TFMCC) consensus statement published in 
2014 was updated recently [7]. Ten new suggestions are presented in this report 
emphasizing specific operational strategies intended to prolong the contingency 
state, thereby avoiding crisis and the need for triage of scarce resources. These sug- 
gestions are based on data and experiences from COVID-19 surge mitigation. 
Contingency responses refer to increasing hospital resources by repurposing equip- 
ment and supplies, augmenting the clinical workforce, and expanding care to non- 
traditional areas of the hospital while maintaining functionally equivalent standards 
of care. According to Task Force, before the transfer of the patient’s load balancing 
should be considered. Load balancing is the process of coordinating emergency 
response by sharing resources and/or transferring patients among hospitals. While 
planning the transfer of waiting for patients, on the other hand resources should be 
modified beyond routine standards of care. For example, continuous renal replace- 
ment therapy (CRRT) systems can be shared by two or more patients on 6-12 h of 
alternating schedules. Task Force also recommends the early transfer of patients 
before a hospital is overwhelmed and promotes the effective conservation of 
resources and less deviation from routine care standards. Patients awaiting ICU 
admission have increased mortality with longer duration queuing times, and patients 
housed in the ED are at great risk. 
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Infection Control 


The risks of pandemic disease to clinical staff require that institutions have mecha- 
nisms to protect their personnel while also providing adequate care to affected 
patients. Infection prevention controls are critical during pandemics to reduce the 
risk to staff and other patients. Adequate PPE is a key factor in ICU preparedness. 
The WHO recommends standard PPE, which includes medical masks, gowns, 
gloves, eye protection (face shields or goggles), and particulate respirators, such as 
N95 or FFP2-certified respirators and fluid-resistant gowns for aerosol-generating 
procedures (i.e., endotracheal intubation, NIV or high-flow supplemental oxygen- 
ation, cardiopulmonary resuscitation, bag mask ventilation, and bronchoscopy). 
Aerosolizing procedures can be performed using purified air-powered respirators 
(PAPRs). PAPRs may also be an alternative to N95 masks when negative pressure 
isolation rooms are not available in sufficient numbers for affected patients. 
Modifying nursing tasks by moving intravenous line pumps and other devices out- 
side rooms can also minimize infection risk and limit PPE use [8]. Similarly, alter- 
ing dosing or the use of certain medications can also be considered to minimize 
risks and PPE supply demand. Hospitals also minimized the number of times nurses 
entered patients’ rooms. Other strategies recommended are placing windows in 
walls, replacing wood doors with glass doors, and using communication and video 
devices in rooms. Hospitals have to put more effort into the quality of the air in the 
hospital such as the placement of high-efficiency particulate air filters and UV 
lights. Electronic (bipolar ionization) filtration and high fresh air exchange can be 
tried to decrease aerosolized transmission of disease [8]. 

Although having an adequate number of trained personnel is critical during an 
epidemic, coming to work while ill is a significant threat to staff safety. Surveys 
during previous influenza years reported that over 40% of healthcare workers 
(HCWs) might come to work while suffering from respiratory infections, increasing 
the risk of transmission to staff and patients [9, 10]. 

In an epidemic or pandemic, supplies are at increased risk of being depleted 
rapidly. 

Disposable items, such as pharmaceuticals, may be rapidly exhausted. ICU- 
specific reusable devices, most notably mechanical ventilators, may similarly be in 
limited supply, especially in a respiratory disease outbreak. Agents, such as antivi- 
rals, antimicrobials, and antifungals for secondary infections, should be easily avail- 
able. In addition, planning needs to include “general” drugs used in the management 
of critically ill patients, such as intravenous fluids, agents for rapid sequence intuba- 
tion, analgesics and sedatives for intubated patients, vasopressors, venous thrombo- 
embolism prophylaxis, and neuromuscular blockade agents for patients with severe 
hypoxemic respiratory failure. 
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Healthcare Workers 


Staff safety needs to be maintained through careful infection prevention practices, 
the use of PPE, and medical measures, such as vaccines or chemoprophylaxis as 
appropriate. For all hospitals, appropriate staff training on infection prevention 
practices for pandemic threats is a key part of training. Just-in-time training in the 
event of an outbreak may be needed to augment routine training. Redeployment and 
retraining of staff are inevitable strategies during a recent pandemic. Many hospitals 
redeployed clinicians, including pediatricians, trainees, and nurses to care for adults 
with respiratory failure due to COVID-19. 

Healthcare workers are under both physical pressure and psychological pressure 
due to exposure to this huge infectious public health problem. The hazards include 
physical and psychological violence, long working hours, emotional reactions, 
fatigue, occupational burnout, shortage of personal protective equipment, concern 
about infecting themselves and their family members, insomnia, depression, and 
anxiety. High proportions of HCWs have experienced acute stress disorders (40%), 
anxiety (30%), burnout (28%), depression (24%), posttraumatic stress disorder 
(13%), and suicide during the pandemic. 


Recent TFMCC Recommendations for Staff Organization 


Rapid bed expansion must balance staff safety and quality of care. Staffing should 
be adjusted based on surge severity, acuity, the experience of non-ICU clinicians, 
team compositions, available telemedicine support, and the duration of staff that has 
been under strain. The physician ICU model consists of an intensivist (or other ICU- 
experienced physicians) managing up to 24 patients in collaboration with non-ICU 
skilled physicians and advanced practice providers (APPs, including nurse practi- 
tioners, physician assistants, and similar professionals). Further staffing can be 
expanded by the use of specialized procedure teams (e.g., for central venous cathe- 
terization, intubations, and assistance in care activities such as prone positioning 
(PP)) and telemedicine coverage. The suggested nursing model expands the reach of 
one ICU-trained nurse to four patients by teaming with two nurses focused on the 
non-ICU aspects of care following a period of focused training. 

Limiting overtime should be an operational strategy to minimize the risk of burn- 
out, and it should be less than 50% above normal for all HCWs. Team effectiveness 
may be preserved by limiting shift durations to 12 h, mandating rest periods every 
24 h, naps, “sleep banking,” and consistent schedules to prevent circadian desyn- 
chronization. The mental health needs of all HCWs are priorities for maintaining an 
effective response and staffing capacity. 

TFMCC recommends to reduce documentation requirements to maximize staff 
time for bedside care during public health emergencies. Clinician documentation 
should focus mainly on the critical care provided. 
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Increasing ICU Bed Capacity 


Pandemics increase demand for critical care beds. Critically ill patients may need to 
receive care outside of a traditional ICU in disaster or pandemic settings. In an 
emergency, ICU capacity may be increased by utilizing alternate hospital sites and 
non-ICU staff under the supervision of trained critical care personnel. Determination 
of what areas of the hospital would be most suitable for expanded services is very 
important. Post-anesthetic care areas, ambulatory procedural areas, operating 
rooms, previously used inpatient wards, and respiratory intermediate care units 
(RICUs) would be suitable for this aim. While searching for alternative solutions to 
expand ICU bed capacity, logistical challenges should be considered. They should 
have appropriate infrastructure including medical gas, sufficient electrical capacity, 
suction, good patient visibility, and infection control facilities and should allow for 
quick installation of cardiac monitoring and cardiorespiratory support [11, 12]. 

During pandemic, RICUs have been used widely and effectively throughout Italy 
and other parts of the world and they have played a strategic role in linking the activ- 
ity of general ICUs with lower-intensity wards. During the COVID-19 pandemic, 
they played an important role by facilitating the step-down of ICU patients and 
reducing their length of stay. Many of them having tracheostomy and ICU-associated 
myopathy require expert care including rehabilitation. Second, HFNC or NIV is 
provided in less severe patients (who may eventually require ICU care too (step- 
up)) or in those who may not be candidates for mechanical ventilation due to con- 
comitant conditions. Operational results show that RICUs are a viable alternative to 
increase ICU bed availability maintaining high-quality care. The postcritical 
COVID-19 patient has a variety of active medical problems becoming a highly 
demanding patient in terms of specific care. Therefore, RICU provides multidisci- 
plinary care that shortens ICU stay and could potentially shorten overall LOS 
[13, 14]. 


Management of Respiratory Failure 


In general, pandemics caused by viral infections lead to acute hypoxemic respira- 
tory failure and ARDS. Every time some patients do not require intubation and may 
benefit from other treatment options such as prone positioning, HFNC, and 
NIV. These treatment options may reduce overall IMV needs. For these patients 
receiving oxygen via HFNC, non-ICU settings wards, intermediate care units, or 
other modified places may be adequate. PP of non-intubated patients with ARF due 
to COVID-19 pneumonia has been recently tested across different settings includ- 
ing emergency departments, hospital wards, or ICUs as an adjunct to conventional 
oxygen therapies. Despite a large heterogeneity across these experiences, reports 
document a significant improvement in oxygenation and respiratory rate upon prone 
positioning, and the majority were able to tolerate the procedure [15]. 

A recent study constructed dynamical (deterministic) simulation models of 
HFNC and MV use for COVID-19 in the United States to evaluate the use of 
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high-flow nasal cannula for COVID-19 on population-level mortality and ventilator 
availability. 

They found that the use of HFNC was associated with improved population-level 
patient survival and availability of ventilators. These findings held true at the 
national level and across hospitals with 100-1000 beds with access to 25-250 ven- 
tilators. The study concluded that administrators and policymakers both nationally 
and at the individual hospital level should focus efforts on increasing the availability 
of HFNC and on advocating for its use for COVID-19-associated respiratory fail- 
ure [16]. 

CPAP and BPAP have the opportunity to add positive pressure to oxygenation 
but have been limited because of concerns about aerosol dispersion. The WHO and 
other authorities support the use of CPAP with appropriate PPE, and Italian guide- 
lines promoted the use of helmet bilevel NIV. Although difficult to obtain, helmet 
bilevel NIV has been shown to better contain aerosol leakage and provides superior 
oxygenation, pressure, and outcomes against face mask routes. Studies support 
safety and improvement in oxygenation when awake, and nonintubated proning can 
be used successfully in combination with HFNC use or other NIV oxygenation for 
moderate ARDS. 


Maximize the Available Supply 


Shortage of ICU beds causes clinicians to deliver NIV outside ICUs. In a very 
recent study published during the COVID-19 pandemic, the authors investigated the 
prevalence and clinical characteristics of patients with COVID-19 treated with NIV 
outside the ICUs. The study was performed in 31 hospitals in Lombardy, Italy [17]. 
Of 8753 patients with COVID-19 present in the hospitals on the study day, 10% 
received NIV outside the ICU. A majority of patients (85%) were treated with 
CPAP, which was delivered by the helmet in 68% of the patients. NIV failed in 38% 
of the patients, whereas 62% of patients were discharged alive without intubation. 
Overall mortality was 25%. Higher C-reactive protein and lower PaO,/FIO, and 
platelet counts were independently associated with an increased risk of NIV failure. 

HFNC and noninvasive CPAP are classified as aerosol-generating and should 
therefore be delivered in a safe environment with staff wearing appropriate PPE. For 
further safety, evidence supports the safe use of a surgical mask on the HFNC 
apparatus. 

By the way, HFNC and noninvasive CPAP should not delay mechanical ventila- 
tion in patients who are not responding to treatment. There are many studies inves- 
tigating intubation indication in patients treated with HFNC, and according to their 
results, ROX index below 2.8 is recommended for intubation indication. 

All pandemics could lead to an increase in ventilator demand. During the pan- 
demic caused by coronavirus disease (COVID-19), 8-—33% of the patients required 
invasive MV for COVID-19-associated respiratory failure. When additional sup- 
plies are not available, alternative methods to provide respiratory support may need 
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to be considered, such as the use of anesthesia ventilators, HFNC, and NIV for 
selected patients. 


Other Potential Solutions for Mechanical Ventilator Shortages 


Other strategies to maximize the availability of IMV devices designed for invasive 
ventilation are as follows: Ventilators in operating rooms should be redistributed for 
inpatient use. In addition, hospitals should be in touch with their own ambulatory 
surgical sites and any nonaffiliated sites that are currently not functioning and may 
have unused supply. Hospitals can also connect with other sites that may have the 
capacity and may not be expected to be as hard hit by COVID-19, such as affiliated 
children’s hospitals [18]. During a recent pandemic, many hospitals were able to 
convert operating rooms and general wards into ICUs using anesthetic ventilators, 
transport ventilators, and older ventilators coming from laboratories or teaching 
simulation areas. Noninvasive ventilators have also been used transiently as invasive 
ventilators in pressure-controlled modes. However, in some hospitals, these 
resources were rapidly exhausted. 

Critically ill patient on IMV requires the support of more than the bed and the 
machine; it requires an entire team focused on detecting minute-to-minute changes 
in ventilatory needs and recognizing potential harm early. Important components of 
this team include the respiratory therapist (RT), ICU nurse, and intensivist. 

TFMCC suggests hospitals apply telemedicine technology to augment critical 
care early and in the broadest sense possible. Telemedicine was used to augment 
surge capacity and provide family access for communication with hospitalized 
patients utilizing straightforward and inexpensive technology including computers, 
electronic tablets, and conferencing software. Healthcare organizations utilized this 
technology to connect intensivists and specialists to distant rural sites. 


Conclusions 


During disasters or pandemics, hospitals first try to stay in a contingency state 
increasing beds staff, devices, and consumables. If it is impossible or saturated, any 
longer effective triage strategies should be started and patients transfer to other cen- 
ters without delay. Competency in this process requires preparedness of hospitals in 
staff education and infection control measures but still “just-in-time training” will 
be required. 
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Introduction 


Noninvasive ventilation (NIV) has a lower complication rate than orotracheal intu- 
bation (OTD and is better tolerated by patients [1]. NIV constitutes an efficient 
intervention in patients with cardiogenic edema and chronic obstructive pulmonary 
disease (COPD) and is necessary for carefully selected patients with shortness of 
breath and hypoxemia [1-3]. 

The utilization of NIV in patients with shortness of breath due to hypoxemia has 
shown good results, producing improved oxygenation and reduced fatigue and mor- 
tality while avoiding complications or orotracheal intubation. 

Some groups have questioned NIV use in patients with infectious diseases. 
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Is the NIV the First Option in Infectious Disease Patients? 


For those with community-acquired pneumonia (CAP), early application of NIV 
reduces the risk of requiring OTI, days in the hospital, and the risk of infectious 
diseases associated with mechanical ventilation (MV) [4]. 


NIV during the Influenza A (H1N1) Pandemic 


Dominguez et al. [5] reported their experience with MV during the influenza pan- 
demic in Mexico. In our hospital, NIV was a successful intervention in 91 patients 
with pneumonia and advanced COPD, preventing OTI in 63 (69%). 


NIV during the COVID-19 Pandemic 


The use of NIV has played an increasingly relevant role in respiratory infection by 
SARS-CoV-2, at the beginning of the pandemic early OTI was recommended, so 
the guidelines did not recommend NIV with the passage of time it gained its place 
and is currently an excellent option having important participation in high flow 
ventilation [6]. 


NIV and Immunodeficient Patient 


Another group of patients who frequently require NIV upon arriving at the ER are 
immunodeficient patients with serious pulmonary infections caused by opportunis- 
tic agents. This group can be benefited from the use of NIV and reduced incidence 
of nosocomial infections [7]. 


Safety of Healthcare Professionals 


The biosafety measures include the application of standard and respiratory precau- 
tions for all personnel and visitors to the area, including airborne and droplet trans- 
mission precautions, Regular training and supervision of personnel for donning and 
doffing are paramount to the safety of healthcare workers, particularly during out- 
breaks [8, 9]. 


Key Major Recommendations 

e NIV has a lower complications rate than OTI. 

e NIV is well tolerated by patients. 

e NIV has a relevant paper in a respiratory pandemic. 
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Introduction 


The term chemical agent has traditionally been defined as a substance intended for 
use in military operations to kill, seriously injure, or incapacitate humans (or ani- 
mals) through its toxicological effects [1]. These agents have been used in warfare 
for thousands of years. Recent events, such as the 1994 sarin nerve agent attack in 
Matsumoto, Japan, and the 1995 Tokyo subway destructive release of this chemical, 
have made it clear that healthcare providers need to be prepared to handle chemical 
agent attacks. In addition to targeted attacks, several sequelae after unrelated phe- 
nomena have resulted in severe pulmonary consequences directly tied to chemical 
irritants including exposures of firefighters, particularly those affected by dust inha- 
lation after the 9/11 terrorist attacks, and silicosis as a complication of volcanic ash 
inhalation. 

According to numerous government agencies and the military, at least ten coun- 
tries have the capability to produce and disseminate chemical and biological weap- 
ons. These statistics do not include the unknown (or unpublished) innumerable 
terrorist organizations that can effectively manufacture and strategically deploy 
such agents. Furthermore, as evidenced by the 9/11 terrorist attacks, dust exposure 
from collateral damage exists both in the acute phase of terror attacks and as long- 
standing sequelae. These attacks do not involve specific agents and instead damage 
stems from residual dust exposure and inhalation as a result of the destruction from 
the terrorist attack. Therefore, it is obvious that a threat exists [2]. 

Although most of these weapons have the potential for mass casualty applica- 
tion, quite often they are used covertly with small-dose exposures that may lead to 
a delayed or subtle presentation. This is similarly the case with environmental expo- 
sures and natural phenomena, and over the last decade, bystanders during 9/11 have 
subsequently come to develop severe pulmonary sequelae. Consequently, it is vital 
for healthcare providers to be vigilant and trained to recognize signs and symptoms 
of chemical agent exposure so as to report and treat each case appropriately. 

This chapter focuses on the most common types of chemical warfare agents 
used, their clinical presentations, and medical management after decontamination 
including the possible application of noninvasive ventilation. 


Analysis of Main Topics and Discussion 


Chemical agents can be categorized by their physiological action or practical appli- 
cation. Based on this schema, several classes exist: nerve agents, vesicants, blood 
agents (cyanides), pulmonary agents, riot control agents, and irritant fume expo- 
sure. Each group has a different pathophysiological presentation that is important to 
understand in order to apply the appropriate treatment. 
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Nerve Agents 


Nerve agents comprise a group of organophosphates that were developed during the 
1930s as a method of chemical warfare. Today, exposure to nerve agents would 
most likely come from a terrorist attack or a leak from military storage. The princi- 
pal nerve agents are sarin, tabun, soman, cyclosarin, and methylphosphonothioic 
acid. As the name indicates, their primary effect is on the nervous system by binding 
to and inhibiting the normal functioning of the enzyme acetylcholinesterase. 
Normally, this enzyme acts to break down acetylcholine (ACh) in the cholinergic 
system. ACh is a neurotransmitter that activates and controls muscular contraction. 
It also participates in the diffuse modulatory system, where it causes anti-excitatory 
actions. 

Because nerve agents inhibit the means by which ACh is eliminated, excess ACh 
accumulates, leading to nerve impulses being continually transmitted and to pro- 
longed stimulation of the affected tissues [3]. The acuity and severity of symptoms 
caused by a nerve agent highly depend on its route and site of entry into the body. 
Most often, nerve agents enter the body either through inhalation or direct contact 
with the skin or eyes. Particularly, the poisonous effect is quickest, within seconds 
to minutes [4-6], when the agent (vaporized or aerosolized) is absorbed via the 
respiratory system. Owing to the myriad blood vessels in the lung, the inhaled nerve 
agent rapidly diffuses into the pulmonary circulation and thus reaches the target 
organs [4—6]. Oral and transdermal absorptions generally do not present clinically 
until 3 and 12 h, respectively, after contact [4-6]. After the nerve agent has entered 
the body, detrimental symptoms and effects begin to rapidly appear. Initial symp- 
toms are usually a runny nose, sweating, drooling, and tightness in the chest. 
Afterward, the nerve agent progressively causes difficulty breathing and renders 
many bodily functions inept. The victim begins to salivate, urinate, lacrimate, def- 
ecate, and vomit involuntarily. In other words, the victim starts to lose control of 
many parts of his or her body. Miosis and rhinorrhea result from contact with the 
eyes and nose, respectively. The nerve agent then continues to damage many of the 
victim’s bodily functions, causing increased motility and an increase in the level of 
secretion of the gastrointestinal tract. Nausea, vomiting, and diarrhea usually fol- 
low. The nerve agent may also initially cause muscular fasciculations and weakness, 
with gradual development into muscular flaccidity. Aside from the skeletal effects, 
the nerve agent also produces cardiovascular symptoms. Elevation of the heart rate 
is multifactorial including hypoxia and fright, but it may also be due to decreased 
vagus nerve activity. Bradyarrhythmias often occur. After a high enough exposure, 
the victim can also suffer from disruption of normal central nervous system func- 
tions, leading to apnea, seizures, or loss of consciousness. The array of symptoms is 
often summarized in the mnemonic diaphoresis/diarrhea, urination, miosis, bron- 
chorrhea/bronchospasm, emesis, lacrimation, and salivation (DUMBELS) [6]. 
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Several treatments are available that can curtail the effects of nerve agents. 
Atropine and pralidoxime (2-PAM) chloride, each of which is administered intra- 
muscularly, are primarily used to reverse the effects of nerve agents. Atropine is an 
anticholinergic drug that acts as a competitive antagonist at muscarinic receptors. 
Atropine counters/resists the actions of the vagus nerve, blocks ACh receptor sites, 
and decreases bronchial secretions. Because it functions as a competitive antagonist 
of muscarinic ACh receptors, and ACh is the primary neurotransmitter utilized by 
the parasympathetic nervous system, atropine decreases the parasympathetic activ- 
ity of all muscles and glands regulated by the parasympathetic nervous system [6]. 
Generally, atropine is used to decrease bronchial secretions. 2-PAM chloride is used 
to reverse the binding of the nerve agent, regenerate the previously poisoned enzyme 
acetylcholinesterase, and enable the enzyme to metabolize ACh. 2-PAM chloride 
works best on nicotinic receptors. 

Aside from atropine and 2-PAM chloride, homatropine and benzodiazepine are 
also used. Homatropine is an anticholinergic medication that functions to treat mio- 
sis. Homatropine inhibits the parasympathetic nervous system by inhibiting musca- 
rinic acetylcholine receptors. Benzodiazepine (anticonvulsant) is used to treat 
seizures that a nerve agent victim may experience. 

It is important to note that respiratory failure is the principal cause of death from 
nerve agent exposure [5, 7]. Rapid progression of respiratory failure due to nerve 
agent exposure is twofold. (1) Accumulation of ACh in the respiratory organs causes 
overstimulation of the parasympathetic pathway, resulting in excess secretions, 
toxic pulmonary edema, and severe bronchoconstriction. (2) Respiratory muscular 
paralysis, particularly of the diaphragm, and central depression of the respiratory 
centers further contribute to eventual respiratory arrest. Death caused by nerve 
agents is commonly compared to death by suffocation. Therefore, alongside the 
aforementioned antidotes, airway management is crucial for treatment. 

Current therapeutic protocols stress the need for urgent laryngoscopy and intuba- 
tion, with the concomitant provision of positive pressure ventilation until signs of 
muscle paralysis disappear [7]. This is difficult to accomplish in the setting of mass 
casualties because of the shortage of trained professionals. Also, the equipment is 
cumbersome. Conventional face/nasal mask noninvasive positive pressure ventila- 
tion is contraindicated in the setting because of excessive pulmonary secretions and 
neuromuscular dysfunction. Therefore, it is unlikely it would be beneficial for a 
victim of exposure to a nerve agent. A relatively new refined resurrection of the 
negative pressure ventilator (often referred to as the “iron lung”) may provide a 
solution. 

An external high-frequency oscillation (EHFO) ventilator, the MRTX respirator 
(United Hayek Medical, London, UK), has been shown to be efficacious in provid- 
ing proper, noninvasive artificial ventilation to normal and sick lungs. The power 
unit works by creating cyclic pressure changes inside the cuirass (a clear, flexible 
plastic enclosure surrounding the chest and abdomen with soft foam rubber borders 
to create an airtight seal around the patient). The negative pressure creates chest 
expansion and thus inhalation. The positive pressure creates chest compression and 
thus exhalation. Thus, both inspiratory and expiratory phases are actively controlled, 
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and the chest oscillates around a variable negative baseline pressure [7]. In addition 
to providing respiratory support, EHFO potentially preserves cardiac output, com- 
pared with conventional positive pressure ventilation, and actively aids in secretion 
expectoration through forceful clearance. These qualities manage the direct nega- 
tive cardiovascular and respiratory effects induced by nerve agents. The unit is 
lightweight, easy to operate, portable, and requires minimal training. Although 
EHFO appears to be a superb ventilator support system in the setting of nerve agent 
exposure, the lack of adequate separation of the digestive from the respiratory tracts 
makes endotracheal tube placement a prudent measure [7]. 


Vesicants 


Vesicants are alkylating agents that affect cell division and DNA synthesis by bind- 
ing a number of molecules via a reactive sulfonium ion with the greatest affinity for 
nucleic acid and sulfur and sulfhydryl groups on proteins. Mustard gas (or sulfur 
mustard) is one of the most notable vesicants. It was first used as a weapon during 
World War I and more recently in the Iran-Iraq conflict during the 1980s. Other 
agents include lewisite, nitrogen mustard, and phosgene oxime. 

As with most chemical agents, the effects of vesicants are based on the site of 
contact, time of exposure, and concentration of the agent, whereas the severity and 
latency of the onset are influenced by the environment. Vesicants are known for 
their delayed manifestations. The hallmark of dermal exposure to mustard is a pro- 
longed asymptomatic period [1]. This latency period is shortened in the presence of 
high environmental or body temperature and moist skin. 

These agents are highly lipophilic and easily penetrate mucosal surfaces. The 
main characteristic of vesicants is their direct toxicity to the organic tissue, inducing 
chemical burns and blisters on both external and internal body surface areas includ- 
ing skin, eyes, mucous membranes, and lungs. Respiratory symptoms usually pres- 
ent 4-6 h after exposure, initially involving the upper respiratory tract and then 
progressing lower. Patients often complain of sinus pain, irritation of the nose, sore 
throat, and a hacking cough followed by hoarseness and loss of voice. Laryngeal 
spasms may occur. Large-dose inhalations affect the lower airway, causing short- 
ness of breath and a productive cough. This may be due to the development of 
patchy pneumonia, purulent bronchitis, or even hemorrhagic bronchitis. 
Pseudomembranes can arise as a result of mucosal necrosis. They can be compli- 
cated by an obstruction in the bronchi or trachea leading to asphyxiation, the most 
common cause of death [1, 8, 9]. Survivors are often plagued by chronic conditions 
involving the eyes, skin, and lungs, including corneal thinning and opacification, 
severe eczema, skin cancers, chronic bronchitis, and pulmonary fibrosis [8, 9]. 

There is no antidote for sulfur mustard exposure, and treatment after decontami- 
nation is largely supportive. Mild respiratory tract injuries often resolve without 
intervention. Bronchodilators may be useful for spasms, antibiotics for pneumonia, 
and bougienage for pseudomembranes. Although infection is the most important 
complication of healing mucosal damage, prophylactic antibiotics are not 
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recommended. More severe cases may require management on the burn unit. Airway 
stabilization should be accomplished through conventional means [1-9]. 


Cyanide 


Cyanide is a chemical blood agent that was first used during World War I. The 
Germans most infamously used it during the Holocaust, and the United States used 
it to execute prisoners in the gas chamber from 1924 to 1999. Cyanide is colorless, 
and some have described it as having an almond-like odor. As a chemical weapon, 
cyanide exists as hydrogen cyanide and cyanogen chloride. Cyanide can also exist 
in all three states of matter. As a solid (cyanide salt), cyanide can be absorbed 
through the skin and eyes or ingestion. As a liquid or gas, cyanide is most perilous 
because it can enter the body through inhalation. Cyanide can enter and spread in 
water, soil, or air through natural and industrial means. It exists as gaseous hydrogen 
cyanide in the air. The most common presentation of cyanide intoxication is after 
smoke inhalation from fires (whether natural or intentional) and occurs when tem- 
peratures reach above 600 °F resulting in the gaseous release of cyanide from toxic 
fumes [10]. 

Cyanide can affect its victim extremely quickly; how quickly often depends on 
the condition by which cyanide is being released or absorbed. For example, if the 
victim inhales cyanide in a closely enclosed area, it can cause death within 10 min. 
Cyanide’s effects are typically curtailed when it is released into a spacious/open 
area, where it can diffuse and evaporate into a large number of locations. Although 
ingesting cyanide can be detrimental, inhaling the gas presents the most harm as 
respiratory failure is the major cause of death in cyanide exposure. Cyanide is taken 
up by blood and lymphatics and is then distributed systematically. As cyanide is 
circulated throughout the body, various cells absorb it. Entering the cells’ mitochon- 
dria, cyanide displaces oxygen bonded to protein [11, 12]. Proteins that are rendered 
inept by the actions of cyanide are called cytochrome [4]. Cyanide acts as a mito- 
chondrial cytochrome oxidase inhibitor. These inhibitors form stable complexes 
with ferric iron, thereby inhibiting cellular respiration. Cellular respiration ceases 
because the final step in electron transfer between the substrate hydrogen and oxy- 
gen in the mitochondria is blocked (essentially poisoning the mitochondrial electron 
transport chain within cells), thus effectively preventing or hindering the cells’ abil- 
ity to use oxygen absorbed from the bloodstream. Without that energy production, 
the cells throughout the body die, resulting in death [11]. Even if the victim is able 
to recover, he or she often continues to suffer from heart and brain complications 
because they require the most oxygen. 

The acuteness and severity of the clinical condition after cyanide exposure 
depend on the amount of cyanide to which the victim is exposed. A person exposed 
to a small amount of cyanide through inhalation, absorption through the skin, or 
ingestion is likely to show symptoms within minutes of exposure: rapid breathing, 
restlessness, dizziness, weakness, headache, nausea, vomiting, and rapid heart rate. 
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If there is a lengthy exposure to a large dosage of cyanide, other effects may be 
exhibited, including convulsions, hypotension/shock, pulmonary edema, bradycar- 
dia followed by tachycardia, syncope, lung injury, and respiratory failure, which 
would result in death within 8-10 min. Also, being toxic itself, the chlorine in 
cyanogen chloride can cause eye and respiratory tract irritation and, potentially, 
delayed pulmonary toxicity [12]. Over a period of years, cyanide toxicity can cause 
permanent neurologic disability, with various extrapyramidal syndromes, vegetative 
states, parkinsonian symptoms, and dystonia syndromes all having been 
recorded [10]. 

There are various ways to restrain the effects of cyanide or to remove traces of 
cyanide. Any traces or source of cyanide on the victim should be removed by thor- 
oughly washing the region(s) with soap and water. Four treatment options currently 
exist including the use of hydroxocobalamin, sodium thiosulfate, dicobalt edetate, 
and methemoglobin-forming antidotes [10]. The primary treatment process includes 
first using a small inhaled dose of amy] nitrite. Sodium thiosulfate is then applied 
intravenously. The sodium nitrate oxidizes the hemoglobin’s iron from the ferrous 
state to the ferric state, thereby converting hemoglobin into methemoglobin. 
Cyanide has a high binding affinity for methemoglobin; as a result, instead of bind- 
ing to cytochrome oxidase, cyanide binds to methemoglobin, and the methemoglo- 
bin is converted to cyanmethemoglobin. Lastly, sodium thiosulfate is applied 
intravenously to convert cyanmethemoglobin to thiocyanate, sulfite, and hemoglo- 
bin. The thiocyanate is excreted in the urine. Sodium thiosulfate also provides a 
source of sulfur that the enzyme rhodanese—the major pathway for the metabolism 
of cyanide—utilizes to detoxify cyanide [12]. Like methemoglobin, cyanide has a 
high binding affinity for cobalt. Hydroxocobalamin, which contains cobalt, becomes 
cyanocobalamin (eliminated through urine) after binding to cyanide [12]. Thus, 
cyanide binds to hydroxocobalamin instead of cytochrome oxidase. Both proce- 
dures are used to reverse cyanide binding to cytochrome [4]. Dicobalt edetate is an 
antidote, which has a high affinity to cyanide and acts by chelating cyanide to form 
cobalt cyanide, a much less toxic substance [10]. Despite its effectiveness, dicobalt 
edetate has toxic cardiovascular side effects and is often poorly tolerated, thereby 
limiting its use. To mitigate these side effects, intravenous glucose should be coad- 
ministered during treatment [10]. Another form of treatment for cyanide poisoning 
is to provide the victim with oxygen and assisted ventilation. This is because the 
human liver has the ability to metabolize cyanide (particularly low doses of it). If 
the victim is kept stable with oxygen and assisted ventilation, the liver can gradually 
eliminate the cyanide. 

In the emergency setting, it is often difficult for clinicians to suspect cyanide 
toxicity as an acute dilemma, which can lead to a delay in treatment and an increase 
in morbidity and mortality. If the clinical suspicion for cyanide toxicity is high, as 
is the case in any inhalational exposure from fires such as those seen in firefighters, 
immediate treatment involves 100% oxygen therapy with an immediate evaluation 
of the Glasgow coma scale (GCS) for said patients [10]. For any patient with a 
GCS < 8 or signs of airway compromise, assisted ventilation is indicated [10]. 
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Pulmonary Agents 


The first major usage of pulmonary agents dates back to World War I. Germany 
utilized phosgene as a chemical warfare agent at Verdun in 1917. Pulmonary agents, 
also called choking agents, are chemical weapons that preclude the victim from 
breathing normally. The primary pulmonary agents include chlorine, phosgene, 
diphosgene, and chloropicrin—with phosgene being the most commonly used and 
most dangerous. Under regular conditions, phosgene is a colorless gas that smells 
like sweet, newly mown hay. 

Pulmonary agents, specifically phosgene, can cause pulmonary edema. Its effects 
are most perilous when it is inhaled. The precise mechanism by which pulmonary 
agents work remains somewhat of a conundrum, but it is known that it affects the 
permeability of the blood—air barrier. Once phosgene is dissolved, it hydrolyzes to 
form carbon dioxide and hydrochloric acid. The release of hydrochloric acid during 
phosgene hydrolysis causes early ocular, nasal, and central airway irritation. The 
carbonyl group readily participates in acylation reactions with amino, hydroxyl, or 
sulfhydryl groups—teactions that account for the major pathophysiological effects 
of phosgene [13-15]. Acylation occurs at the alveolar—capillary membrane and 
leads to the leakage of fluid from those capillaries into the interstitial alveolar space 
[13-15]. Initially, lymphatic drainage from the parenchyma resists this leakage into 
the pulmonary interstitium, but eventually the lymphatic drainage becomes inept 
against the effects of phosgene. Following a latent period, fluid eventually reaches 
alveoli and peripheral airways, leading to increasingly severe dyspnea and clinically 
evident pulmonary edema [13-15]. 

The signs and symptoms after exposure to pulmonary agents usually start to 
appear shortly after contact. Symptoms are seen within 12 h and can cause death 
within 24—48 h. After a clinical latent period, the duration of which varies depend- 
ing on the intensity of exposure, ranges from 20 min to 24 h. Phosgene produces 
mucosal irritation and pulmonary edema that leads to death. After the latent period, 
the victim typically shows mucous membrane irritation, seemingly because of the 
hydrochloric acid produced from the hydrolysis of phosgene. Alongside the mucous 
membrane irritation, the victim suffers from an evanescent burning sensation in the 
eyes with lacrimation, blurred vision, burning in the throat, laryngeal spasm, cough- 
ing, headache, chest pain, tightness in the chest, and coughing. The most prominent 
symptom following the clinical latent period is dyspnea. These sensations reflect 
hypoxemia, increased ventilatory drive, and decreased lung compliance as a conse- 
quence of the accumulation of fluid in the pulmonary interstitium and peripheral 
airways [13, 14]. Cyanosis becomes visible if a large amount of hemoglobin is 
deoxygenated. Furthermore, the sequestration of plasma-derived fluid in the lungs 
may lead to hypovolemia and hypotension, influencing oxygen delivery to the brain, 
kidneys, and other crucial organs [13-15]. Normally, hypoxemia, hypovolemia, 
respiratory failure, or a combination of the three contributes to death. 

There are several treatment options for someone exposed to a pulmonary agent. 
First and foremost, one should terminate the exposure, which can be done by either 
quarantining the victim from surrounding contamination or by removing the victim 
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from the contaminated environment. The ABCs of resuscitation should be per- 
formed as needed because it is highly important that a stable, clear airway is estab- 
lished in the victim. The victim’s circulatory condition should be vigilantly 
monitored because there is a risk of hypotension provoked by pulmonary edema. 
The victim’s physical activity must be limited also as the slightest physical activity 
may reduce the clinical latent period and intensify the severity of respiratory signs 
and symptoms. There are several ways to prevent or treat specific effects of pulmo- 
nary agent exposure. To prevent and/or treat bronchospasm, one should prepare to 
manage airway secretions. After exposure to phosgene, the airways are covered by 
moist secretions and can be treated by suctioning and drainage. Bronchospasm can 
also occur in victims who have reactive airways, and they should be treated with 
bronchodilators. Systemic steroid therapy is also indicated for the treatment of 
bronchospasm [13-15]. To prevent/treat pulmonary edema, positive airway pres- 
sure is useful. Also, early use of a positive pressure mask can be helpful for monitor- 
ing the effects of pulmonary edema. Oxygen therapy is mandatory to prevent/treat 
hypoxia, and it might require supplemental positive airway pressure [13-15]. 
Intubation with ventilatory support may also be needed. To prevent/treat hypoten- 
sion, which is aggravated by positive airway pressure, immediate intravenous 
administration of either crystalloid or colloid may need to be supplemented by the 
judicious application of a pneumatic anti-shock garment [13-15]. 


Riot Control Agents 


Riot control agents are often used as a means of law enforcement with the intention 
of controlling or adjourning a public disturbance. They are also used for personal 
protection (e.g., pepper spray). Riot control agents exist as chemical compounds 
that cause irritation to the eyes, mouth, throat, lungs, and skin, consequently render- 
ing the victim temporarily incapable of functioning normally. Victims usually are 
forced to close their eyes and hold their breath—resulting in their becoming inca- 
pacitated. The most common riot control agents are chloroacetophenone (CN), 
chlorobenzylidenemalononitrile (CS), chloropicrin (PS), bromobenzyl cyanide 
(CA), and dibenzoxazepine (CR). Riot control agents exist as solids with low vapor 
pressure. They therefore can be released into the air as fine particles or in solution. 
The primary dispersion methods include spray cans, spray tanks, or grenades. Once 
released in the air, the victim can be exposed to it via skin contact, eye contact, or 
inhalation. 

Once exposed to the riot control agent, the victim usually starts showing signs of 
irritation within seconds. The extent of poisoning caused by riot control agents 
depends on the amount of riot control agent to which a person was exposed, the 
location of exposure (indoors versus outdoors), how the person was exposed, and 
the duration of the exposure [13, 16-18]. Understandably, the riot control agent is 
most detrimental when it is dispersed indoors (less space to spread), and the victim 
is exposed to it for a prolonged time. The exact mechanism of riot control agents is 
not well known, but fortunately the mechanism does not have to be completely 
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known to treat the poisoning. What is known is that the riot control agents act on the 
eyes and mucosal membranes, causing intense pain and lacrimation to temporarily 
incapacitate the victims. If a high concentration is disseminated, the riot control 
agent causes respiratory tract irritation. The main targets of the riot control agent are 
sulfhydryl-containing enzymes. Inactivation of these enzyme systems is often asso- 
ciated with causing tissue injury. 

The signs and symptoms after exposure usually last 15—30 min but can last much 
longer if exposure has been prolonged. The main effects of riot control agents are 
pain, burning, and irritation of exposed mucous membranes and skin [13, 16-18]. 
The eye is most affected by riot control agents. Once in contact with the eyes, the 
riot control agents cause a sensation of conjunctival and corneal burning and lead to 
tearing, blepharospasm, and conjunctival injection. Blepharospasm causes the lids 
to close tightly and produces transient blindness, an effect that could inhibit the 
recipient’s ability to fight or resist [13, 16-18]. The riot control agent has similar 
effects on the nose and mouth. By coming into contact with the mucous membranes 
of the nose, the agent causes a burning sensation, rhinorrhea, sneezing, and increased 
salivation. It also causes a tingling and burning sensation if it comes into contact 
with the skin, sometimes leading to erythema and hypersensitivity of the skin. Once 
inhaled, the riot control agent triggers burning and irritation of the airways with 
bronchorrhea, coughing, and perception of a tight chest or an inability to breathe 
[13, 16-18]. There is no evidence that riot control agents cause permanent lung 
damage. Although they do not specifically disturb the gastrointestinal tract, riot con- 
trol agents can cause retching or vomiting if there was a high concentration of the 
agent. The effects on the cardiovascular system are more definitive. In almost all 
victims, either prior to or immediately after exposure there is a temporary elevation 
in heart rate and blood pressure. It is believed that this increase is not due directly to 
the riot control agents but is, instead, caused by angst or the initial pain. 

The effects of riot control agents are temporary and usually begin to wane after 
15 min—once the victim exits the area of contamination to fresh, clean air. The 
victim should also quickly remove his or her contaminated clothing to accelerate the 
recovery process. However, if the victim is exposed to a high concentration or a 
prolonged duration of the riot control agent, there is a possibility that he or she may 
suffer further deterioration. Death after being exposed to a prolonged duration of 
riot control agent is due to severe airway damage. Most victims, though, do not suf- 
fer death and do not require medical treatment because the effects of riot control 
agents are self-limiting and fade within 15-30 min. Some victims, however, seek 
treatment for eye, airway, or skin irritation. The eye should be vigilantly flushed 
with water. Topical solutions or antibiotics can be used to alleviate the irritation. 
Treatment for airway irritation may become more complicated. Asthmatic victims 
can suffer from bronchospasm and mild distress hours after exposure. Victims with 
chronic bronchitis or emphysema can experience more severe respiratory distress. 
Management includes oxygen administration with assisted ventilation if necessary, 
bronchodilators if bronchospasm is present, and specific antibiotics dictated by the 
results of sputum studies [2]. Treatment of the skin can become complicated. If 
erythema persists for more than 1-2 h, it may require the use of soothing 
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compounds such as calamine, camphor, and mentholated creams. Small vesicles 
should be left intact, but larger ones ultimately break and should be drained. 
Irrigation of denuded areas several times a day should be followed by the applica- 
tion of a topical antibiotic [13, 16-18]. 


Irritant Fume Exposure 


Irritant fume exposure has existed for centuries under the guise of volcanic ash 
exposure resulting in severe pulmonary sequelae, both acutely and chronically. This 
has been studied retrospectively in the last several decades in those exposed to ash 
fall from the eruption of Mount Etna in Sicily [19]. Analysis of the ash revealed the 
presence of ferrous ions and high concentrations of silica in large particles. This 
exposure resulted in a significant increase in emergency department visits for those 
exposed, with the predominant acute health complaints being a disease of the upper 
and lower respiratory tract, cardiovascular disease, and ocular complaints [19]. This 
was particularly present in those with preexisting pulmonary conditions and most 
often presented as an acute exacerbation of asthma or chronic bronchitis. 

Silicosis usually exerts its toxic effects in the respiratory system via direct toxic- 
ity to alveolar macrophages due to the generation of free radical species [20]. In 
animal models, direct intratracheal injection of silica resulted in the lysis of red 
blood cells, inflammation, and fibrogenicity. This results in direct injury to type I 
alveolar epithelial cells, with subsequent hypertrophy and hyperplasia of type II 
alveolar epithelial cells. This proliferation is key in the role of fibrinogenesis and 
eventually carcinogenesis by upregulation of proto-oncogenes including c-fos, 
c-myc, and c-jun [20]. The level of injury is also directly correlated with the inocu- 
lum and level of exposure, with higher levels of silica exposure being correlated 
with more severe disease. 

More recently, irritant fume exposure from the 9/11 terrorist attacks has resulted 
in significant pulmonary side effects for those exposed during the collapse of the 
twin towers. It has since garnered significant areas of focus and research, and fire- 
fighters that were exposed to particulate matter from the building destruction have 
subsequently suffered from persistent bronchial hyperreactivity and an etiologic 
entity referred to as reactive airway dysfunction syndrome (RADS) [21]. Similarly 
to volcanic ash exposure above, analysis of world trade center dust revealed high 
levels of particulate matter, with high levels of synthetic fibers and caustic, alkaline 
dust particles. This causes a similar level of direct bronchial inflammation and air- 
way hyperreactivity that can lead to exacerbations of underlying asthma or chronic 
bronchitis. 

In examined subjects exposed to world trade center dust, pulmonary hyperreac- 
tivity was significantly higher in those with greater levels of dust exposure. This was 
measured via methacholine challenge testing, defined as a methacholine PC20 of 
less than or equal to 8 mg/ml. Over 25% of subjects from the high-exposure group 
demonstrated this hyper-reactivity, which reached statistical significance when 
compared to the moderate-exposure groups and control groups [21]. This is of 
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clinical significance as most people who were exposed often complained of respira- 
tory symptoms within the first 24 h of exposure, and symptoms were found to per- 
sist at both the 3-month and 6-month points after exposure. 

This is of clinical significance, as the best treatment offered to these exposed 
subjects was bronchodilator therapy including, but not limited to, beta-agonists and 
muscarinic antagonists—not unlike those used for asthma, chronic obstructive pul- 
monary disease, and other respiratory conditions within the same spectrum of air- 
way hyperreactivity [21]. While research is still ongoing in this field, with years of 
data still being analyzed, preliminary information shows that both acutely and 
chronically this new entity of disease fits with that of obstructive and hyperreactive 
pulmonary diseases, and treatment modalities may therefore be similar. Regardless 
of long-term treatments, in the acute setting limiting exposure to irritant fumes with 
a goal of lowering the direct inoculum may offer the best prognosis [19, 21]. While 
long-term effects may still linger with chronic exposure, a reduction in large-volume 
dust exposure with appropriate avoidance of personal protective equipment may 
result in the best outcome. 


Role of Noninvasive Mechanical Ventilation 


The main cause of death as a result of exposure to a chemical agent is respiratory 
failure. The injury could result from excessive pulmonary secretions and respiratory 
muscle paralysis due to nerve agent exposure; patchy pneumonia with purulent 
hemorrhagic bronchitis and laryngospasm due to exposure to vesicants; pulmonary 
edema and severe hypoxemia associated with cyanide exposure; or bronchial 
mucosa irritation, excessive secretions, and pulmonary edema after pulmonary 
agents, riot control gas, and dust exposures. Mechanical ventilation is essential for 
stabilizing the airways and maintaining adequate oxygenation. The data on nonin- 
vasive positive pressure ventilation (NPPV) are unclear as most of the patients are 
hemodynamically unstable with possible injury to the airways. NPPV might have a 
role in avoiding reintubation after successful intubation or might be used as a bridge 
from intubation to decrease the ventilatory days and risk of nosocomial pneumonia. 
NPPV can be used with caution in monitored settings in casualties with mild respi- 
ratory injury from vesicants or mild hypoxemia related to cyanide exposure during 
antidote therapy. NPPV is indicated in the treatment of noncardiogenic pulmonary 
edema. It can be used, with caution, in patients with pulmonary edema secondary to 
exposure to a pulmonary agent. NPPV is applied with caution in critical care set- 
tings in hemodynamically stable patients with a readiness to intubate the patient if 
the condition deteriorates. 
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Conclusion 


Pulmonary failure is the main cause of death after exposure to chemical agents. 
Mechanical ventilation is essential in the supportive care of the casualties [22]. 
Stabilizing the airways and maintaining adequate gas exchange are the goals of 
mechanical ventilation. The role of NPPV is unclear. It can be used with caution in 
ICUs. Patients should be selected properly. Hemodynamic stability is essential. 
NPPV can be applied in mild cases and within the latent period after exposure along 
with antidote therapy. Adjuvant therapy includes fluid resuscitation, intravenous ste- 
roids, bronchodilators, and antibiotics if indicated. 


Major Key Recommendations 

e The clinical distinction between exposures to chemical agents may not 
always be apparent upon initial presentation. Therefore, the focus of each 
case should be on airway stability and the potential for future compromise. 

¢ Reduction in inoculum exposure, decontamination, antidote, and support- 
ive care are the main therapeutic elements. 

e The role of noninvasive mechanical ventilation is unclear at this time. It 
should be used with caution in ICU settings with a readiness to intubate. 
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Introduction 


The recent pandemic with its sudden health emergency severely challenged the 
World Health System, particularly acute care hospitals and intensive care units. In 
many hospitals, observation units, often geriatric, were created outside the ICU, the 
experience of which can be extremely useful for European countries, the United 
States, and all countries that in the coming days will face a similar situation [1]. 
Furthermore, during a pandemic and infectious disease, the need and the treatment 
with noninvasive ventilation (NIV) outside the ICU are feasible. However, some 
prerogatives are essentials to use hospital’s spaces outside the ICU: the necessity to 
have a trained staff in the use of NIV; the need to guarantee a negative pressure 


N. Vargas (><) 
Medicine and Subintensive SARS Covid 2 Ward, San Giuliano Hospital, Naples, Italy 


A. M. Esquinas 
Intensive Care & Non Invasive Ventilatory Unit, Hospital Morales Meseguer, Murcia, Spain 


L. Tibullo 
Medicine Department, San Giuseppe Moscati Hospital, Avellino, Italy 


© The Author(s), under exclusive license to Springer Nature 39 
Switzerland AG 2023 

A. M. Esquinas (ed.), Noninvasive Mechanical Ventilation in High Risk 

Infections, Mass Casualty and Pandemics, 

https://doi.org/10.1007/978-3-03 1-29673-4_5 


40 N. Vargas et al. 


room; and a system that provides the possibility of prompt access to the ICU. All 
these aspects are discussed in this chapter. 


The Necessity of Setting outside the ICU during a Pandemic 


During the emergency of the pandemic SARS-CoV-?2, the need for much more ICU 
resources has been suggested to provide ventilatory support outside the ICU in dedi- 
cated respiratory COVID-19 units, reinforced by a higher number of nurses for 
noninvasive monitoring. This recommendation was in contrast to most of the avail- 
able guidelines, which contraindicated using noninvasive respiratory support in 
these patients due to the major concerns over using bioaerosol-producing techniques 
because of possible contamination of the hospital staff. In many hospitals world- 
wide, health management provided the equipment for sub-intensive and respiratory 
wards for patients with SARS-CoV-2. According to what happens in real life, using 
noninvasive respiratory support devices is feasible in patients with acute respiratory 
failure due to SARS-CoV-2 infection treated outside ICUs, in newly developed 
dedicated COVID-19 respiratory monitoring units, formerly respiratory wards and 
intermediate respiratory care units [2]. Despite using the recommended PPE, the 
unique main difficulty was that healthcare workers who treated the infected patients 
observed an 11.1% contamination rate. Many patients have been treated in the gen- 
eral ward, such as the infectious ward. In the case of patients with SARS-CoV-2, the 
organization of the general wards should include the possibility of monitoring and 
prompt admission to the ICU if there is a rapid worsening of patients’ clinical con- 
ditions [3]. However, the organization in the general ward and sub-intensive also 
requires an experienced staff in NIV. It also makes it possible to apply them outside 
intensive care units in infectious diseases. The treatment outside the ICU may be of 
vital importance in elderly and terminally ill patients. 


The Negative Pressure Rooms 


A negative pressure room incorporates a ventilation system designed to flow from 
the corridor into the negative pressure room, ensuring that contaminated air cannot 
escape from the negative pressure room to other parts of the hospital area [4]. A 
negative pressure room in a hospital aims to contain airborne contaminants and 
microbes, such as viruses, bacteria, fungi, pollens, gases, and volatile organic com- 
pounds (VOCs). In this way, the transmission of these substances to other hospital 
areas is impeded by protecting patients, staff, and sterile equipment. The negative 
room is essential as a measure for preventing aerosol transmission of airborne infec- 
tious agents. Still, it will be necessary also in other areas, including cardiac, cardiac 
catheterization, and orthopedic, where positive ventilation systems are used and are 
not designed for infection isolation [5]. Many hospital’s spaces during the pandemic 
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have been converted into sub-intensive or infectious disease wards. The conversion 
of a positive pressure room to a negative pressure room required a building of an 
anteroom at the site of patient entry into the operating room and sealing off addi- 
tional access points to the room [6]. 


Implications for Healthcare Worker 


During a pandemic, one central aspect refers to the prevention and control of the 
healthcare workers in the ICU and in all hospital’s areas where patients with infec- 
tious diseases are admitted. The WHO generally provides some specific indications, 
and these refer to preventing the aerosol-generating procedure’s risk associated with 
increased risk for infection transmission in an open system. However, the studies 
evaluating the risk of infection transmission associated with noninvasive ventilation 
often provide conflicting results. Further assessments are warranted to inform guid- 
ance development and policy decisions better [7]. The relationship between the risk 
of contracting an infectious illness such as SARS and physicians and nurses involved 
in the early critical care period and endotracheal intubation is clear. This link among 
other ventilation practices that may also lead to increased exposure to viral-laden 
droplets and subsequent transmission of SARS is less clear. No statistically signifi- 
cant association between NIPPV and HFO could be found by examining an out- 
break within one ICU [8]. 

On the other hand, some authors have shown that NIV and chest physiotherapy 
are droplet (not aerosol)-generating procedures, producing droplets of >10 tm in 
size. Due to their large mass, most fall out onto local surfaces within | m. These 
findings suggest that healthcare workers that provide NIV and chest physiotherapy 
should work within | m of an infected patient [9]. 

Some aerosol-generating procedures, such as tracheal intubation, noninvasive 
ventilation, tracheotomy, cardiopulmonary resuscitation, manual ventilation before 
intubation, and bronchoscopy, have been associated with an increased risk of trans- 
mission of viruses. During the last pandemic of SARS-CoV-2, the WHO provided 
the recommendation in Table | [10]. 


Table 1 WHO recommendations for health workers 


1. Perform procedures in an adequately ventilated room—that is, natural ventilation with 
airflow of at least 160 L/s per patient or in negative pressure rooms with at least air changes 
per hour and controlled direction of airflow when using mechanical ventilation 


2. Use a particulate respirator, a standard FFP2, or equivalent 


3. Use eye protection (i.e., goggles or a face shield) 


4. Wear a clean, non-sterile, long-sleeved gown and gloves, if gowns are not fluid-resistant 


5. Limit the number of persons present in the room to the absolute minimum required for the 
patient’s care and support 
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The Use of NIV in General Ward and Sub-Intensive Unit 


Noninvasive ventilation in subacute units and general ward if the organization’s 
needs are satisfied in the following cases [1, 11, 12]: 


As initial therapy in selected cases, treated by NIV experts and with safe condi- 
tions for the patient, including elderly patients. 

As the only therapy when an invasive ventilation respirator is not available. 

For the medical transport of patients. 

As palliative therapy in selected cases. 

In the weaning phase of invasive ventilation. 

In the patient with the order not to intubate. 

In very old patients, over 85 years. 


Conclusion 


The use of NIV outside the ICU during infectious disease is feasible but requires an 
adequate selection of patients. The hospital organization’s changing during an 
emergency such as a pandemic should be accomplished by implementing a negative 
pressure room and protective devices as suggested by WHO. Trained staff in the use 
of NIV is essential. 
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Introduction 


Noninvasive ventilation (NIV) is widely used in both hospital and nonhospital set- 
tings. In the hospital, the areas where NIV is acceptable are the intensive care unit 
(ICU), intermediate therapy areas, recovery room, emergency unit, and wards. 
More than 35 million individuals are infected with the human immunodeficiency 
virus (HIV), with respiratory diseases as a significant cause of their hospitalization. 
Immunocompromised patients have become a challenge in respiratory clinical care. 
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Immunocompromised Scenarios 


After transplantation 

Hemato-oncological disease 

Acquired immunodeficiency syndrome (AIDS) 
Rheumatological disease 


Contraindications of NIV 


Central nervous system alteration 
Hemodynamic instability 
Organic dysfunction 

Chronic hypoxemia 

Airway obstruction 

Recent facial surgery 


Hospital Resources Required for NIV 


Although NIV is not indicated for all patients, many can benefit from it. There must 
trained professional be able to provide the service [1]. 

Identifying the cause of a patient’s respiratory failure is paramount for evaluating 
the intervention. It is necessary to evaluate prognostic scores using tools such as the 
Sepsis-Related Organ Failure Assessment (SOFA), Acute Physiology, Age, and 
Chronic Health Evaluation I] (APACHE II), and the Simplified Acute Physiology 
Score II (SAPS ID) [2]. 


Personnel Responsible for NIV 


The clinical team involved in NIV should include medical doctors, nurses, physical 
therapists, and other personnel with knowledge, understanding, and acceptance in 
various areas [3]. 


Training 


Theoretical and practical courses and their completion are required. These should 
include technical and clinical knowledge of devices, circuits, and interfaces. It is 
necessary to create a flowchart that outlines clinical care and evaluates it by 
checklist. 
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Monitoring of NIV 


There are some key aspects of monitoring the patient during NIV intervention as 
follows: 


Patient status, ventilator parameters, interface, and patient-ventilator synchroniza- 
tion [4]. 


Administrative Participation 


Beyond the ICU and the ward, it is highly beneficial that administrative personnel 
know about the benefits of NIV so the quality of care is maintained. Hospital norms 
regarding the storage of material, levels of room isolation, maintenance, and clean- 
ing are also important to maintain the quality of care required. 


Key Major Recommendations 

e Patient selection is crucial. 

e The ventilatory parameters must be appropriate for the patient. 

e The interface (facial, nasal, oronasal, or high-flow nasal cannula) must be 
chosen carefully [5]. 

e Monitoring is mandatory. 
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Introduction 


In 2019, a massive, not observed in recent years novel coronavirus, severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) caused a global pandemic off 
an unknown scale. In numerous, however, unpredictable number of patients, the 
viral infection leads to the development of the COVID-19 disease. COVID-19 dis- 
ease or COVID-19 pneumonia leads to acute hypoxic respiratory failure and may 
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eventually lead to acute respiratory distress syndrome (ARDS). The respiratory fail- 
ure caused by COVID-19 can develop rapidly. In some subjects, the disease course 
may aggravate from mild hypoxemia to severe ARDS within a few hours. Although 
SARS-CoV-2 infection is rather mild in most cases, patients in whom respiratory 
failure has developed present a substantial risk of death. Currently, dedicated highly 
effective pharmacological treatment methods have not been broadly available yet. 
As a consequence, in numerous cases the key therapeutic intervention is based on 
respiratory failure treatment, which is accepted as a major cause of death in 
COVID-19 patients. Respiratory failure is generally hypoxemic, that is, why the 
main therapeutic goal is to maintain oxygenation. It must be emphasized that the 
pandemic caused mass casualties not only in normal patients, but especially in 
numerous healthcare providers who are especially exposed to an aerosol containing 
a high load of viral particles. 

SARS-CoV-2, an acute respiratory infectious agent, is primarily transmitted 
between people through respiratory droplets and contact routes. A recognized trans- 
mission key of COVID-19 and droplet infections in general are the dispersion of 
bioaerosols from the patient. Additionally, increased risk of transmission has been 
associated with aerosol-generating procedures that include endotracheal intubation, 
bronchoscopy, open suctioning, administration of nebulized treatment, manual ven- 
tilation before intubation, turning the patient to the prone position, disconnecting 
the patient from the ventilator, noninvasive positive pressure ventilation (NIV), tra- 
cheostomy, and cardiopulmonary resuscitation or gastroscopy. 

Some of these procedures increase the production of bioaerosols possibly con- 
taining pathogens from the patient (1.e., intubation, open suctioning, tracheotomy, 
manual ventilation, and bronchoscopy), whereas others potentially act to disperse 
bioaerosols from the patient to the surrounding area without evidence that they gen- 
erate additional contaminated aerosols (e.g., oxygen administration and high-flow 
nasal cannula (HFNC), and use of medical nebulizers). 

It is already known that infected subjects can be asymptomatic and still shed 
virus particles, producing infectious droplets during breathing. This indicates that 
healthcare workers (HCWs) should assume that during this pandemic every patient 
may be potentially contagious. Taking actions to reduce the risk of transmission to 
HCWs is, therefore, a vital consideration for the safe delivery of all medical aerosols. 

Depending on the severity of hypoxemia, different oxygenation or ventilation 
techniques are used to improve oxygenation. However, it has to be underlined that 
medical staff dealing with patients with COVID-19 should be familiar not only with 
available ventilatory support techniques but also with contamination or disease 
transmission risk. In general, the treatment spectrum starts with passive oxygen 
therapy introduced with the use of nasal prongs or oronasal masks (standard, non- 
rebreathable), or equipped with a Venturi valve and goes through HFNC. The ven- 
tilation strategies start with continuous positive airway pressure (CPAP) and move 
to NIV. Unfortunately, those methods are found frequently ineffective and require 
transmission into intubation and invasive mechanical ventilation (IMV), but in 
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numerous patients extracorporeal membrane oxygenation (ECMO) is administered 
as well [1]. The methods listed above are based on their increasing effectiveness in 
respiratory failure treatment; however, the risk of disease transmission is not paral- 
lel with their effectiveness. The contamination risk caused by aerosol spreading is 
discussed further in this chapter. Special emphasis is given to aerosol-generating 
procedures such as intubation, as well as on precaution techniques, which may and 
should be introduced to minimalize the disease transmission risk to the healthcare 
providers who are working with COVID-19 patients. 


Contamination Risk During Oxygen Therapy 


NIV in patients with COVID-19. 

The SARS-CoV-2 outbreak spread rapidly in Italy and the lack of intensive care 
unit (ICU) beds soon became evident, forcing the application of noninvasive respi- 
ratory support (NRS) outside the ICU, raising concerns over staff contamination. 
Therefore, the safety of the hospital staff, the feasibility, and outcomes of noninva- 
sive respiratory support applied outside the ICU have been assessed [2]. Those tech- 
niques have been also described in numerous guidelines such as the Polish 
Guidelines for Treatment of acute respiratory failure in the course of COVID-19 [1]. 
The data were collected including medication, mode, and usage of the NRS (..e., 
high-flow nasal cannula (HFNC), continuous positive airway pressure (CPAP), and 
NIV). Based on the analysis of 670 patients, it was found that of 353 HCWs 12% of 
them got infected; however, all of them recovered [2]. 


Nasal Cannula and Oronasal Masks 


The nasal cannula is the simplest device for oxygen administration. The oxygen 
fraction is titrated by changing oxygen flow through the cannula; however pure 
oxygen, which comes out of the cannula, is blended in the patient’s nostrils. The 
FiO, value may be calculated but is rather unpredictable and depends on the patient’s 
minute ventilation. It is accepted that the flow should not exceed 6 L/min as a fur- 
ther increase in oxygen supply no longer significantly increases FiO). In short terms, 
this method is not complicated by extensive aerosol spread; however, to decrease 
contamination risk patients may be fitted with surgical masks to minimize the risk 
of dispersion of aerosol. Unfortunately, the use of surgical masks is rather not toler- 
ated in long terms, as it causes increased work of breathing, especially when the 
exhaled air moistens the masks. Thus, to facilitate easier respiration the patients 
tend to untighten the mask or take it off. Taking this into account, the use of surgical 
masks in patients on oxygen therapy used via nasal prongs is rather not recom- 
mended. Simple oxygen masks are used in more severe patients. The standard oxy- 
gen flow is settled on the level of 5—10 L/min. In those cases, the contamination risk 
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is rather low as the dyspneic patient usually avoids taking off the mask. Venturi 
masks are more effective than simple masks but less accepted by patients in com- 
parison with non-rebreathable masks, which is why they are occasionally used. 
Moreover, the use of a non-rebreathable mask is considered the safest method, 
which minimalizes the risk of disease transfer to healthcare providers, because the 
expiratory aerosol is dispersed within the smallest distance from the patient’s mouth, 
approximately 10 cm. Moreover, severely hypoxemic patients who most commonly 
use this method rarely take the mask off. Retrospective analysis of SARS reports 
identified pooled analysis of risk for a variety of aerosol-generating procedures with 
intubation and noninvasive manual ventilation creating a 6.6- and 3.3-fold increased 
risk of infection of healthcare workers (HCW). In contrast, the pooled risk from 
medical nebulizer treatment from three cohort reports was considered nonsignifi- 
cant (0.9) [3]. 


Nebulizers, NIV, and HENC 


Medical aerosols produced by inhalers and nebulizers, such as those containing 
bronchodilators, anti-inflammatory agents, mucokinetics, antivirals, antibiotics, and 
prostanoids, do not contain pathogens unless the nebulizers are contaminated by the 
patient or an HCW. Medical aerosols from nebulization derive from a non-patient 
source (the fluid in the nebulizer chamber) and have not been shown to carry patient- 
derived viral particles. Concerns of medical aerosol becoming contaminated in the 
lungs before exhalation are not supported by good evidence. Consequently, when a 
droplet in the aerosol coalesces with a contaminated mucous membrane, it will 
cease to be airborne and will no longer be a part of the aerosol. In fact, aerosol 
administration has been reported to reduce the generation of bioaerosols. It was 
reported that inhalation of an isotonic saline aerosol reduced the generation of bio- 
aerosols by as much as 72% for up to 6 h after nebulization. It is difficult to measure 
in a real-life scenario; however, it may be assumed that bioaerosol production will 
increase in patients with increasing minute ventilation or during sneezing or cough- 
ing. In patients accepted for NIV, the safest option would be to use a double-limb 
nonvented circuit; however, in patients with hyperventilation this may cause signifi- 
cant asynchrony and requires a tight interface, which may be sometimes difficult to 
achieve. Another option that could be suitable to use is an oronasal or full-face 
nonvented mask with an antiviral filter incorporated between mask and exhalation 
port (Fig. 1). This option seems to be more accurate; nevertheless, poorly fitted 
masks could be responsible for bioaerosol generation. 
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Fig. 1 NIV device with 
mask, antiviral filter, and 
exhalation port 
incorporated into the 
circuit 


Contamination Risk During Invasive Ventilation 


A great deal of focus has been placed on reducing risks during intubation, but 
reports describing methods of reducing contamination and exposure to respiratory 
droplets during emergence and extubation are scarce. Numerous techniques invented 
to reduce coughing, thereby decreasing the potential of virus exposure through con- 
tact with large respiratory droplets and aerosolized particles that may remain sus- 
pended in air were tested during current pandemics. Some of those devices are 
broadly available, whereas a significant number of protective devices have been 
patented or are currently undergoing the patenting procedure. Most of these devices 
are not yet tested in prospective trials; however, their usefulness seems to decrease 
SARS-CoV-2 transmission risk. 

For patient transport and emergency intubations, protective tents may be used as 
well. There are numerous devices available, which may be used to increase HCW 
safety. An example of a device that is widely used in Poland is presented in Fig. 3. 
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Fig. 2 Example of 
intubation preventive 
device available on the 
following: Intubation- 
Aerosol-Shield-2.jpg 
(1024 x 1257) 
(mylpsolutions.com) 


Fig.3 Protective tent used 
in Poland to facilitate 
patient’s transport and 
increase intubation safety 


Unfortunately, both solutions, which are presented in Figs. 2 and 3, have signifi- 
cant downsides; thus, our team is working now on a new device, which will be clini- 
cally tested in the coming months. 
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Contamination Risk During ECMO 


During COVID- 19, the most severe disease scenario develops severe lethal ARDS. It 
has to be stated that in some cases it is possible to incorporate venovenous extracor- 
poreal membrane oxygenation (VV-ECMO). It is known that the SARS-CoV-2 
virones are sometimes present in the blood of COVID-19 patients. VV-ECMO is 
often used for several weeks, and plasma leaks can occur; therefore, SARS-CoV-2 
may leak from the gas outlet port of the oxygenator during ECMO. It was already 
shown in a significant percentage of patients that SARS-CoV-2 RNA may be pres- 
ent in the gas outlet port of the ECMO circuit. This is related only to theoretical risk 
of viral transmission but should be remembered. 

Although many COVID-19 patients have a good prognosis, a significant number 
of COVID-19 patients may require mechanical ventilation or ECMO in addition to 
mechanical ventilation for respiratory support. In terms of infection control, a con- 
cern is that the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
may leak through the membrane from the blood during ECMO support of critically 
ill patients with COVID-19 pneumonia. Considering that SARS-CoV-2 ribonucleic 
acid (RNA) in the blood of 15% of patients with COVID-19 might leak through the 
membrane from serum to the gas outlet port, in consequence, it can leak through the 
silicone-coated polypropylene membrane oxygenator during VV-ECMO. Although 
the possibility of transmission is the likelihood of viral RNA transmission during 
circuit replacement or liberation from ECMO, it was shown that viral RNA may 
accumulate in the gas outlet port of the oxygenator, even though the viremia in cir- 
culating blood is not present anymore. 

Given that ECMO support can last for several weeks, during which mechanical 
ventilation may be needed, ECMO patients should be considered a safe population. 
Indeed, although it was reported that the average running time of ECMO in 
COVID-19 was as long as 47 days, in addition, medical staff will handle the oxy- 
genator at the time of circuit replacement or liberation from ECMO. Although 
SARS-CoV-2 RNA was not detected in the serum of all patients at the time of cir- 
cuit replacement or liberation from ECMO, SARS-CoV-2 RNA was detected in the 
gas outlet port of the oxygenator [4]. 


Intubation-Related Contamination Risk 


Bioaerosols generated by infected patients are a major potential source of transmis- 
sion for SARS-CoV-2 and other infectious agents. The risk of disease transmission 
by therapeutic medical aerosol could be mitigated by taking certain precautions as 
mentioned hereunder: 


e During the pandemic, treat every patient as potentially infected because asymp- 
tomatic infected patients can shed the virus. 
¢ Use PPE for aerosol and droplet protection (mask, face shield, gloves, and gown). 
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e Wash hands and put on fresh gloves before filling the nebulizer reservoir and 
administering treatments. Use proper aseptic techniques to avoid contamination 
of aerosol reservoirs and medication. 

e Perform high-risk AGPs in a negative pressure room, if available, for COVID-19 
patients, or rooms with high air exchange rates (6—12/h), and use additional PPEs 
such as PAPRs. 

e Have patients wear a simple mask when possible (i.e., over simple nasal cannula 
and high-flow nasal cannula (HFNC)) and between treatments. 

e Have tissues available and encourage covering cough or sneezing with tissues; 
discard used tissue immediately. 


All these procedures are oriented to reduce the dispersion of aerosols. 

Similarly, in non-medical surrounding maintaining a distance of 1 m or more 
from a patient reduces the risk of viral transmission. This is not always possible 
during medical treatment; therefore, in those situations a distance from the patient’s 
mouth of >45 cm (maximum dispersion distance with oxygen and medical aerosol) 
away from the patient’s airway is already helpful in decreasing the contamination 
risk [3]. Another method of reduction in the contamination risk is the reduction in 
medical aerosol dispersion, which should be attempted to minimize second-hand 
exposure to bioaerosols in the medical environment. The preventive methods may 
include the use of a bioaerosol after inhalation and placement of antiviral filters on 
exhalation ports of nebulizers or in single-limb NIV circuits (Fig. 1) or dual-limb 
critical care ventilators, which are dedicated to the patient who requires invasive 
mechanical ventilation [1]. In medical procedures, it is important to avoid the open- 
ing of the ventilator circuits during medical procedures, when needed a jet nebulizer 
should be equipped with a valved T-adapter in line with the ventilator circuit. 
Another preventive method is the placement of a surgical mask over oxygen or 
HFNC cannulas. All medical equipment including nebulizers should be disposed of, 
rinsed, air-dried, washed, or sterilized between treatments. 


Healthcare Workers’ Protective Equipment 


All methods described above are important in decreasing the virus in medical facili- 
ties that are connected to the so called “red areas” in COVID-19 hospitals. In those 
areas, preventive procedures are usually strictly followed. The precautionary equip- 
ment, which is important, consists of an antiviral usually FPP3 mask, goggles or 
visor, antivirus suit, and two pairs of medical gloves. HCWs should comply with the 
requirements and guidelines of their region and institution, which may vary to some 
extent in different medical facilities. On top of this, it should be remembered that 
the risk of SARS-CoV-2 transmission is present not only in “red zones” but proba- 
bly in “green areas” in which the HCW protective equipment is limited or some- 
times abandoned. It is important to bear in mind that to a large extent SARS-CoV-2 
infection may take place after working hours; therefore, HCW should act prudently 
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both at and after working hours and should be vaccinated whenever serious contra- 
indications are not present. 


Summary 


The exact risk of medical employee infection has still not been settled yet. The 
medical staff working with COVID-19 patients are exposed to aerosol, which may 
contain a high viral load; therefore, it is extremely important to use all available 
protective equipment. The most important precaution is the protective mask, which 
should be used according to the producer’s instructions. The time of use and the 
technique of setting up are vital for the effectiveness of this method. All other avail- 
able equipment should be used according to their indications and instructions 
because thanks to this the highest incidence of medical personnel contamination 
risk may be effectively minimalized. The implementation of established hospital 
protocols should be based on protective tools manufacturers’ instructions; however, 
it has to be remembered that medical personnel may get infected not only during 
their work but also in places with theoretically lower exposure to the viral aerosol. 
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Introduction 


The treatment of hypoxemic respiratory failure is based on oxygen administration 
through a nasal tube, Venturi mask, and high-flow nasal cannula (HFNC). Standard 
oxygen therapy includes oxygen management at diverse concentrations, but more 
oxygen is usually used for high-flow nasal cannula therapy. This technique applies 
a gas mixture at high-flow rates (up to 60 Ipm), with different proportions of oxygen 
and air provided through a nasal cannula. The distributed gas should be with 100% 
humidification and with a temperature of about 34-37 °C. The benefits of conven- 
tional oxygen administration are continuous fraction-inspired O, (FiO), dead space 
reduction, and the production of positive pressure. The positive pressure guarantees 
a redistribution of intra-alveolar fluid and significant alveolar recruitment. Still, 
when the gas exchange worsens, oxygen demand increased, and there is an indica- 
tion of continuous positive airway pressure (CPAP) or noninvasive ventilation 
(NIV). NIV is an early possibility to select infectious patients with severe acute 
hypoxemic respiratory failure that can prevent or improve respiratory failure, 
decreasing complications. NIV should be applied in unit care with well-trained 
staff. NIV does not establish absolute benefit among non-COPD patients with acute 
hypoxemic respiratory failure or acute respiratory distress syndrome (ARDS). Still, 
its use has been extended to patients with respiratory failure secondary to a large 
spectrum of infectious diseases such as SARS-CoV-2 infection. 

Nevertheless, the World Health Organization (WHO) has comprised NIV among 
aerosol-generating techniques in which the risk of pathogen transmission is poten- 
tial. Healthcare worker protection is the highest priority. NIV and intermittent 
HFNC result in increased aerosol formation and potential risk of ambiental con- 
tamination in respiratory infections. 


High-Flow Nasal Oxygen (HFNC) 


High-flow nasal cannula therapy (HFNC) is an oxygen supply system capable of 
delivering high oxygen and airflow concentrations to hypoxemia patients. It can 
provide these high flows by heating and humidifying the gas before returning using 
a cannula interface. HFNC is mainly indicated in hypoxemic normocapnic respira- 
tory failure. This modality has been efficaciously used in different conditions or 
clinical setups such as hypoxemic hypercapnic respiratory failure, supporting rapid 
sequence intubation and weaning after extubation and inflow rates provided by tra- 
ditional oxygen delivery devices. HFNC improves oxygen delivery because it better 
satisfied the greater flow demand typical of patients in distress. HFNC is a well- 
tolerated respiratory assistance practice and is well-tolerated concerning other 
respiratory support devices, such as a face mask and another interface used for 
NIV. Moreover, HFNC can better respond to higher inspiratory flow patient’s 
demand with respiratory distress compared with standard nasal cannula and other 
high-flow oxygen systems such as Venturi mask. Subjective dyspnea reduces when 
HFNC replaces comfort scores. 
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Oxygen is delivered by an air/oxygen blender, an active humidifier, a single 
heated circuit, and a nasal interface. It produces adequate and humidified medical 
gas at flow rates of up to 60 L/min. It indeed has several physiological benefits, 
including reducing anatomical dead space and work of breathing, the delivery of a 
continued fraction of inspired oxygen with sufficient humidification, and a level of 
positive end-expiratory pressure (PEEP). 

If exhaled air dispersion with smoke particles is marked for visualization, distri- 
bution increased from 6.5 to 17.2 cm when nasal flow increases from 10 to 60 L/ 
min. In a study by Kotoda et al., no infectious particles were dispersed via HFNC 
from the yeast particle-laden airways of a medical training manikin [1]. Leung et al. 
investigated bacterial excretion at 0.4 and 1.5 m from the patient’s head in bacterial 
pneumonia patients. They compared using a simple oxygen mask versus HFNC in 
a room with 6—12 air exchanges per hour. They found no measurable difference in 
pathogen dispersion between the two types of supporting, although it can be 
assumed that an oxygen mask significantly reduces the expiratory flow [2]. A recent 
study from China recommends the wearing of surgical masks for patients being 
treated with HFNC. Still, it does not provide any data on the achieved degree of 
infection protection or the possible limitations to the effectiveness of HFNC [3]. 

HFNC extends the exhaled aerosol reach by several centimeters. To date, appro- 
priate unfavorable pressure rooms are preferable for patients receiving HFNC ther- 
apy. Environmental controls should be evaluated primarily on caregiver protection. 
Patients supported with HFNC should be carefully selected. Early intubation should 
be performed in those meeting criteria for more severe disease or significant respira- 
tory distress. Patients supported with HFNC should be adequately isolated, ideally 
placed in unfavorable pressure rooms with cannulas covered with a surgical mask. 
HFNC should be donned in formal PPE attire with airborne precautions. In our 
experience, usually, we use it for a short trial of HFNC in patients with respiratory 
failure secondary to SARS-CoV-2 pneumonia that is awake and not in apparent 
respiratory distress, controlling secretions and protecting their airway. HFNC is 
possible as a window between low oxygen and CPAP or in the absence of CPAP/ 
NIV or as a therapeutic ceiling option (HFNC presents higher FiO, possibility, but 
there is hypothetically a greater risk of drop diffusion and low PEEP levels are gen- 
erated). HFNC is a suggested treatment for hypoxia accompanying COVID-19 
infection, as long as staff are wearing optimal airborne PPE. 

Patients used surgical masks, and all workers were furnished with personal pro- 
tective equipment, including N95 masks and visors. Using a surgical mask over the 
patient’s face and cannula may significantly reduce aerosol droplet dispersion. The 
assembling of condensation in the circuit limb of HFNC may also be a significant 
viral contamination source. Ambient room temperature up to 20 °C has been shown 
to reduce condensation. 

HFNC is efficacious in improving several clinical endpoints such as oxygen- 
ation, breathing, respiratory rate (RR), and dyspnea scores in patients when flow 
ranged from 15 LPM to 45 LPM. This is hypothesized to reduce the rebreathing 
of CO, and improve the efficacy of ventilation. It excites the use of HFNC to pro- 
vide positive pressure respiratory support. The positive pressure provided is 
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changeable during the respiratory cycle and spreads peak pressures on the EELV 
on electrical impedance tomography. The basis of clinical benefits of His is the 
improvement of breathing and bettering end-expiratory lung volume. Many of the 
clinical services of HFNC may be hypoxemic respiratory failure. In an observa- 
tional analysis of a cohort of 52 critically ill patients in Wuhan, the authors 
described clinical characteristics and treatment modalities. Supporting modalities 
were HFNC and invasive mechanical ventilation. Compared with non-survivors, 
50% were reported treated with HFNC, and 59% were treated with MV. The 
author describes a higher percentage of HFNC use in survivors, reflecting a differ- 
ence in disease severity [4]. No clinical endpoints were defined in the decision to 
escalate or use support from HFNC to mechanical ventilation. Experimental evi- 
dence also suggests that HFNC does not significantly increment aerosolized viral 
particle pollution. 

Using a human simulator with variable lung compliance and exhaling a smoke 
mixture visualized with a laser, exhaled air dispersion was related to respiratory 
failure treated with compassionate use. There has been significant apprehension that 
the use of HFNC in SARS-CoV-2 patients may endorse the aerosolization and 
spread of virus droplets, increasing the risk of contracting the infection in healthcare 
workers (HCW). 

In a retrospective study, the patient was in a negative pressure room with 16 air 
changes per hour. The authors found that using HFNC in mild and severe disease at 
60 LPM developed a measured dispersal distance of 7.2 (+1.8) to 4.8 (+1.6) cm 
from the patient’s mouth. This improved to 17.2 (+3.3) cm under normal lung com- 
pliance states. Using a nasal cannula in similar situations, they found an exhalation 
distance (sagittal plane to the termination of the bed) of 60-100 cm with flow rising 
from | to 5 LPM. The instigators supposed that the higher dispersion from NC 
could be due to a poor fit of the cannula in the nostril concerning HFNC. 

Moreover, non-humidified oxygen forms smaller droplets with longer trajecto- 
ries. However, it was noted that with HFNC, there was a significant dispersion dis- 
tance of air (62 cm) if there was no close-fitting connection between the interface 
tube and the cannula. In contrast, the prior study explored dispersion in patients 
with typical breathing patterns; others investigated the effect of cough on droplet 
dispersion distance in healthy mechanical ventilation. All patients were placed on 
the droplet. Using a surgical mask over the nasal cannula may also reduce particle 
aerosolization. In the literature, some studies about the capacity of a facemask in the 
prevention of aerosol infectivity in exhaled breath samples from patients affected by 
viral infections (without supplemental oxygen). 

In a prospective study, in a cohort of 37 volunteers with confirmed influenza 
infection, the authors describe the behavior of exhaled particles during coughing 
with and without a facemask to evaluate for virus aerosol diffuse in coarse (>5 mm) 
and fine (<5 mm) particles. A mask’s use resulted in a 25-fold reduction in exhaled 
virus number in coarse particles and 2.8-fold reduction in fine particles. Overall, 
mask use caused a 3.4-fold decrease concerning no masks. It described that fine 
particles contained 8.8-fold more virus than coarse and could be cultured in two 
individuals. Thus, the dysregulated high respiratory drive harms may conduct a 
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cycle of constant lung injury, respiratory failure, and possibly worse outcomes, 
potentially moderated by early intubation. Although exciting and plausible, there is 
no prospective trial that supports this theory. Moreover, no precise clinical measures 
are defining P-SILI, but it remains an essential clinical construct. Despite the ben- 
efits of HFNC therapy, it is uncertain whether its application in patients at risk for 
P-SILI is helpful or harmful. 

However, there is an essential concern that HFNC may increase bioaerosol. The 
increased dispersion might favor transmitting infectious particles (such as 
COVID-19) carried in aerosol droplets produced by the infected patient. This fear is 
reflected in the limited use of HFNC in the first study of 21 patients affected by 
COVID-19 in Washington State, where only one patient was supported with 
HEFNC. As aerosol generated by a patient’s cough contains particles from 0.1 to 
100 pm, clinical studies are demanded to assess aerosol diffusion, particularly the 
aerosol dynamics during cough and physiological exhalation. Leung and colleagues 
described a randomized controlled trial evaluating the use of HFNC at 60 L/min 
with an oxygen mask at 8.6 + 2.2 L/min in critically ill patients with bacterial pneu- 
monia on environmental pollution. The patient’s room air was tested, and settle 
plates were placed at 0.4 m and 1.5 m from patients. No substantial difference in 
bacterial counts was stated in the air sample and settling plates between the oxygen 
devices at 1-, 2-, and 5-day incubation [2]. Both in vitro and clinical studies estab- 
lished that using a simple surgical mask on patients’ face significantly decreases 
dispersion distance and virus-infected bioaerosol. 

A high-flow nasal cannula (HFNC) is a supporting ventilatory modality that pro- 
vided high oxygen—gas mixture and airflow concentrations to hypoxemic respira- 
tory failure patients. Alarms with the use of HFNC have risen, especially 
aerosolization of viral particles to healthcare workers (HCW) to defer intubation 
and possibly worsening of outcomes. However, using HFNC in previous coronavi- 
rus pandemics and preliminary experimental evidence suggest that HFNC is low 
risk and may be suitable in choosing patients affected by SARS-CoV-2 disease. The 
infighting of the substantial growth in resource use in the care of patients affected 
by SARS-CoV-2, selecting those that could benefit from HFNC is crucial to consent 
provision of ventilators to those more critically ill. 


Use of HFNC Combined with Prone Positioning 


Prone positioning has been studied and found to improve oxygenation and out- 
comes in ARDS patients. In 2013, prone positioning (PROSEVA trial) has been 
presented as a self-inflicted lung injury (P-SILD. This study shows that patients with 
moderate-to-severe ARDS (PaO,: FiO; < 150) who received a prone position for 
more than 16 h per day had lower mortality than a control group in the supine- 
dependent atelectatic lung compartments. Brisk diaphragm contraction may lead to 
significant local differences in PL, mainly affecting the dependent lung, leading to 
additional stress with gas drawing in other non-dependent regions and compression 
with exhalation (atelectrauma) [5]. 
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Noninvasive Ventilation 


Patients with severe hypoxemia cannot be fully corrected with a high FiO, under 
HEFNC. In this situation, the ventilatory support can be escalated to CPAP or NIV 
when endotracheal intubation criteria are not met. In case of hypoxemic respiratory 
failure that does not respond to oxygen administration or in mild ARDS, therapy 
attempts with noninvasive support in the form of NIV or, primarily, CPAP with 
escalation to NIV can be made, especially in cases of hypercapnic respiratory fail- 
ure. In ARF, NIV should be used in an intensive care unit or a comparable setting. 
Healthcare workers must be familiar with NIV and should receive adequate training 
for NIV use in contagious patients. They should also adhere strictly to personal 
protective equipment to avoid the risk of acquiring infectious diseases. Under 
CPAP/NIYV, a patient can deteriorate rapidly. Bilateral pneumonia and progressive 
worsening of the chest CT are unfavorable prognostic indicators of such a develop- 
ment. Early support with noninvasive ventilation or high-flow oxygen should be 
avoided to reduce the droplets’ air dispersion and the healthcare workers’ infection. 

For this reason, strict monitoring and readiness for intubation should be ensured 
at all times. Suppose the ARF progresses under CPAP/NIV. In that case, intubation 
should be applied rapidly in patients who do not have a “do not intubate for the 
development of cross-disciplinary consensus based on existing guidelines. To 
reduce droplet diffusion during active disease, the use of noninvasive NIV and high- 
flow nasal cannula is usually not recommended if there are no unfavorable pressure 
isolation rooms, high-level, adequate protective equipment, and monitoring sys- 
tems, which typically are lacking in the majority of the medical units involved in the 
management of high infective patients during the emergency. The application of 
PEEP during ARF secondary to pulmonary edema, pneumonia, or atelectasis has 
been established to improve oxygenation by improving functional residual capacity 
and fluctuating the tidal volume to a more compliant part of the pressure-volume 
curve, thus reducing both the work of breathing and the risk of tidal opening and 
closure of the airways. 

Moreover, PEEP applies non-aerated alveoli-independent pulmonary regions, 
stabilizes the airways, and reduces lung volume distribution’s inhomogeneity. PEEP 
can be used in spontaneous breathing patients in CPAP. CPAP is a supporting ven- 
tilatory mode that could be an excellent initial approach for patients affected by 
ARF. According to many experts, the NIV mask may protect from secretions that 
would then diffuse from the ill patient during coughing, sternutation, and speaking. 
Simonds et al. were able to demonstrate that, in patients with cold symptoms who 
were ventilated with vented NIV, the number of particles >3 sm increased signifi- 
cantly at | m from the patient’s head [6]. At close range (20 cm from the patient’s 
head), on the other hand, only the number of particles >10 jm increases. These data 
refer to patients with symptoms of increased secretion or cough. No increased dif- 
fusion of particles of various sizes was found in healthy subjects. In contrast, when 
a non-vented mask with a filter was used, the number of particles emitted decreased 
at 20 cm and | cm in all topics, although not significantly. A simulation model using 
smoke particles as a proxy for droplets showed that the vented system’s airflow 
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covered a maximum distance of 0.6 and 0.85 m, respectively. For mask leakages, 
the reach of leakage flow was <10 cm. Using non-vented masks and virus filter, the 
risk of generating potentially infectious aerosols is supposed to be as low as when 
using single-hose systems with non-vented masks. Technical topics should also be 
careful in the strategic development of guidelines that NIV teams could use to man- 
age suspected or proven acute respiratory failure cases caused by contagious dis- 
eases [6]. In healthcare workers caring for SARS patients, NIV’s use was one of the 
six factors associated with the risk of dissemination. No reports are demonstrating 
the increased risk of dissemination in healthcare workers treating infected patients. 
When considering the ventilators’ choice, physicians should prefer a ventilator with 
a dual-limb circuit without an unfiltered expiratory port (i.e., plateau exhalation 
valve and anti-rebreathing valve). A virus filter should be introduced between the 
intended leakage and the interface (whisper swivel). Such technology reduces the 
spread of air contaminated by infected particles through a circuit leak. Such leaks 
are produced by bias flow essential to prevent rebreathing in single-limb circuits and 
magnified by the high positive end-expiratory pressure levels required to treat acute 
hypoxemic respiratory failure. For the above reasons, leakage needs to be reduced 
to a minimum when using NIV. Non-vented masks (oronasal masks and full-face 
masks) or helmets should, therefore, be used for infective cases. 

Suppose a high-efficiency antimicrobial filter cannot be fitted to the expiratory 
orifice. In that case, a high-efficiency antimicrobial filter should be placed between 
the patient/ventilator interface (without expiratory orifices) and the circuit. In this 
case the increase in resistance. 

The interface is the relating device that enables the physical and functional rela- 
tionship between two independent elements: the ventilator and the patient. An inter- 
face without an expiratory orifice and with no use of accessory ports is recommended 
to use. Usage of the helmet should be a priority if the interface is accessible, with 
the correct knowledge of the proper fitting and maintenance technique. In general 
terms, it is suitable to use a full-face mask as the first indication of an oronasal mask 
if not possible. Strict checking of leakage points around the mask is required, par- 
ticularly at the oronasal interfaces, to avoid skin damage to patients with adequate 
protection and maintain the circuit airtight to avoid exhalation of the infected air. 
Protecting covers are to be eluded due to the risk of increased leakage; repeated 
application of hyperoxygenation oils is advised. The use of the nasal interface is not 
recommended since it generates more aerosols, and in general, in SARS-CoV-2 
infections, the problem is acute hypoxemic respiratory failure. 


Interface 


High-flow face mask CPAP (free exhalation port) is avoided. A recent study reported 
that using specific standard face masks for NIV in patients affected by infectious 
diseases might expose a contagious organism in the exhaled air within a distance of 
1 m. The distribution of infected respiratory droplets may be enlarged by increased 
mask leakage and aggravated by higher inspiratory pressures. About interface 
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selection, full-face or total-face masks could be the favorite respect of nasal masks 
to reduce the possible spread of infected exhaled air particles from unintentional air 
leaks over the mouth. Therefore, choosing the correct type and size of mask that 
better fits the anatomy of the patient’s face and, at the same time, lets transfer of 
acceptable pressure levels is decisive to minimize unintended air leaks around the 
interface. The open system formed by vented masks can increase the release of 
infective particles. Mask leakage plays a rather subordinate role in aerosol forma- 
tion. Closed systems developed by non-vented masks with an antivirus filter in the 
expiratory system are safe and do not determine an increase in aerosol droplets. By 
analogy, dual-hose systems with antivirus filters in the expiratory tube are secure 
and do not increase aerosol formation. 

In Europe, a helmet interface has recently become available for NIV. The helmet 
is better tolerated in respect to face mask by patients. It is ventured that the use of a 
helmet as an interface for NIV, in conjunction with unfavorable pressure rooms 
equipped with high-efficiency particulate air filters, may decrease the dispersion of 
infected respiratory droplets. The helmet is the preferred interface to applique if 
available. If the helmet is not available, a non-vented face mask may be used for 
infective patients; the select long-term nasal mask includes handling procedures 
about aerosol-generating devices such as NIV, the environment disinfection kit, and 
the passage of infected patients. The planned protocol should be multidisciplinary 
and involve medical and technical personnel. However, these protocols cannot sup- 
plant physician decisions concerning exceptional clinical circumstances or individ- 
ual patients. NIV must be used under severe isolation measures in patients with 
suspect or confirmed diagnosis of contagious disease, with adequate safety of the 
healthcare workers who assist the patient. Infected patients should admit to rooms 
with negative pressure, and visits should be limited. 

The helmet’s CPAP application can represent excellent pulmonary support in an 
adequate setting and a simple monitoring system. A careful CPAP titration can 
improve the recruitment of unventilated alveoli and reduce hypoxemia, making it an 
appropriate bridge to ICU or supportive care to improve patients’ outcomes. Better 
tolerability of the helmet and reduced room contamination than oronasal masks may 
improve patients’ clinical organization, growing the healthcare workers’ safety that 
assists patients during the pandemic infection. 

It can also reduce room contamination, minimize discomfort for the patients, and 
permit better medical assistance with long-term tolerability. 

However, the starting of a CPAP is not free from dangers. It needed careful titra- 
tion and monitoring to avoid delayed intubation. NIV delivered with a face mask 
can fail due to poor patient tolerance and technical problems tied to the interface 
seal. The hood’s average volume ranges from 12 to 15 L with the patient’s head in 
place. The gas enters the hood from one side, while on the other side, there is an 
expiratory port with an integrated manometer, and an adjustable or fixed PEEP 
valve is applied. On the hood’s surface is applied an anti-suffocation valve fixed 
using a screw-shaped mechanism for rapid access to the helmet’s inner part. The 
helmet and the face mask acted similarly in decreasing the inspiratory work of 
breathing during continuous high-flow CPAP. The noninvasive CPAP application 
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with the helmet significantly improved arterial oxygenation compared with standard 
oxygen therapy in patients with community-acquired pneumonia. 

Moreover, the helmet CPAP used in patients with severe HRF due to pneumonia 
was confirmed to decrease the possibility of endotracheal intubation compared with 
the Venturi mask. Related to the face mask, the helmet with its larger internal vol- 
ume might increase CO, rebreathing. The inspired CO, concentration was always 
higher when CPAP was delivered through a continuous flow CPAP helmet than with 
a face mask. However, for CPAP delivery, higher flow rates are related to minimal 
inspired concentrations of CO,. The CO, rebreathing is correlated with the gas 
expended through the helmet and the quantity of CO, produced by the patient. The 
presence of an anti-suffocation valve cannot prevent the loss of PEEP in case of flow 
interruption but reduces the CO, rebreathing. When a larger valve is adopted, there 
should be a lower CO, rebreathing and a higher reduction in FiO,. When CPAP is 
administered using mechanical ventilators, it is generally not advisable to use the 
helmet because the helmet’s higher compliance may cause a delay in the inspiratory 
flow delivered from the machine and patients’ inspiratory effort, causing patient 
ventilatory asynchrony. In a recent overview of the indications to protect healthcare 
workers from SARS-CoV-2 infection, Ferioli et al. indicated how the helmets in a 
double-limb circuit provided a tight-air cushion around the neck—helmet interface 
with insignificant air dispersion during NIV application, as an oronasal mask CPAP 
[7]. This ventilatory support allows minimum room air contamination. It is sug- 
gested an antiviral filter be applied to the inspiratory and the helmet’s expiratory 
ports in the current restricted availability of unfavorable pressure rooms. This should 
excellently decrease the possibility of droplet dispersal. 

In the presence of sneezing or coughing, the helmet seems to be more practical 
and comfortable than concerning conventional oronasal masks. The helmet is usu- 
ally well-tolerated compared with the face mask, significantly when CPAP therapy 
must be prolonged for several days. The helmet increases the patient’s comfort, 
reduces the risk of facial decubitus, allows patients to be fed and hydrated orally, 
and administers therapy without removing the helmet. Finally, the helmet needs 
access to a high-flow oxygen source or a combination of compressed air and oxygen 
without necessitating electricity. The use of CPAP is not free from consequences. It 
may produce over-distention of standard alveolar spaces causing barotrauma; it may 
also increase physiological dead space and reduce tissue perfusion. 

Moreover, unnecessary PEEP may have unfavorable consequences on the neuro- 
diaphragmatic combination and cardiac output, particularly in patients with pre- 
served left ventricular function. Finally, during NIV in patients with COPD, PEEP 
is often used to counteract hyperinflation and intrinsic PEEP. Still, the prevalence of 
chronic pulmonary comorbidities in COVID-19 patients reported in the literature so 
far was low (e.g., COPD is ranging from 1.1% to 10%), and the need for NIV is 
regarded to a limited number of patients. 

Moreover, CO, rebreathing is favored by mixing between inspired and expired 
flows. The most effective CPAP is achieved when the PEEP level is maintained 
throughout the respiratory cycle, with inspiratory fluctuations in PEEP reflecting 
an insufficient gas delivery compared with the patient’s minute ventilation. This is 
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why high-flow systems should be preferred when administering CPAP with 
the helmet. 

Despite the comparative easiness of setting up a CPAP helmet, the necessity for 
continued and cautious supervising of the respiratory and hemodynamic reaction to 
PEEP application should be part of the unit’s standard operating procedures. The 
need for CPAP and its titration should be used with arterial blood gas analysis as the 
primary monitoring tool for establishment. 

It initiates CPAP with pressures as low as 5 cmH,O and should control and adjust 
for potential cardiovascular and pulmonary side effects. PEEP should not exceed 
12-13 cmH,0 to avoid barotrauma, self-induced lung injury, tension pneumotho- 
rax, and negative impact on hemodynamics. If lung recruitment is absent, and the 
P/F ratio is stable compared with higher PEEP values, the patient is ready to undergo 
a CPAP weaning trial. A weaning test should be attempted every day to avoid a 
delay in CPAP removal. 


Efficacy of NIV in Pulmonary Infections and Pandemics 
NIV in SARS 


Severe acute respiratory syndrome (SARS) is an infectious disease produced by the 
novel coronavirus (SARS-CoV). It emerged in November 2002 but was identified 
by the WHO in March 2003. SARS is a critical and developing disease, with 25% 
of patients evolving respiratory failure. During the SARS outbreak in China, NIV 
was used to reduce endotracheal intubation (ETI) and its complications. Using NIV 
as initial ventilatory support in the treatment of respiratory failure caused by SARS 
was a good strategy, but is necessary close attention to infection control measures, 
so much so that the use of NIV has developed part of the ordinary treatment practice 
of SARS to avoid ETI because it is recognized that ETI is associated with a signifi- 
cant risk of disease transmission and related complications. 


NIV in Influenza A H1N1 Infection 


Pandemic influenza A (pH1N1) is a 2009 strain of the influenza virus with pathoge- 
nicity and tropism toward the lower human respiratory tract and evolving rapidly in 
severe respiratory failure. The clinical features are characterized by quickly chang- 
ing respiratory failure with refractory hypoxia, bilateral diffuse pulmonary infil- 
trates, and a low arterial oxygen/inspiratory fraction of oxygen ratio (P/F) that meets 
ARDS criteria. 

During the first week of the disease, severe respiratory failure is expected. The 
leading cause of death is refractory hypoxia, followed by multi-organ failure 
and shock. 
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In the management of early respiratory failure caused by pH1N1 infection, NIV 
has an important role but is recommended in a particular controlled environment, an 
appropriate precaution for preventing infection transmission and strict monitoring 
of healthcare workers. 

Invasive mechanical ventilation (IMV) with lung protective ventilatory strategy 
associated with fluid restriction is the initial approach recommended in patients 
with pH1IN1 infection complicated by ARDS. NIV is not used as first-line therapy 
in acute respiratory failure related to pH1N1 pneumonia because of low efficacy in 
severe respiratory failure that quickly evolves to refractory hypoxemia and ARDS, 
for a pattern of non-hypercapnic respiratory failure and the spread of infection 
through aerosol droplet particle dispersion. 

There is a unique international study that has shown a favorable result using NIV 
in pHINI1 [8]. 

It is described as an NIV failure of 10-15% applying a face mask in other case 
series. In particular, the NIV interface choice was a full-face mask, but in one study, 
an NIV helmet and face mask were used alternately [9-13]. 

The results of the NIV’s success were highly variable. The principal reasons for 
NIV failure are refractory hypoxemia and shock, with multi-organ failure being the 
most unfavorable. Regarding mortality, the authors show that it is lower in the 
patients treated with NIV than the patients treated with IMV. Canadian study did not 
support the use of NIV, while Chinese and European studies are in favor of NIV use. 
These studies do not report significant complications for patients and healthcare 
workers, and in none of these studies, the authors declare cases of disease transmis- 
sion to healthcare workers [9-14]. 


Tuberculosis 


In the literature, there are few reports regarding the use of NIV in contagious TB 
patients. NIV is considered an option for ventilatory support in acute and chronic 
respiratory failure—pulmonary TB-related. In critical situations, the use of NIV in 
selected patients could prevent the need for IMV. NIV can be regarded as a suitable 
and straightforward solution for providing home ventilation in patients with acute 
exacerbations or sequelae of pulmonary TB. The fear of NIV use in such critical 
situations is correlated with the potential risk of TB transmission. 

If NIV should be considered, a high-risk procedure in infectious illness like TB 
is still an open question. However, the poor availability of ventilators for IMV and 
ICU beds, especially in developing countries where TB is more diffuse, is limited, 
and NIV represents an alternative in treating acute respiratory failure secondary to 
pulmonary TB. In literature, most studies regarding patients affecting by acute 
exacerbations of pulmonary TB described the use of the nasal mask as the most used 
NIV interface [15]. 
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COVID-19 


Novel 2019 coronavirus (SARS-CoV-2) infection caused developing viral pneu- 
monia that rapidly evolves into severe hypoxemia and respiratory failure. The 
COVID-19 pandemic needs more extraordinary infection control measures 
because of high infectivity. The pathophysiology of acute respiratory failure in 
SARS-COV-2 disease is multifaceted and, according to the current known agent, 
differs from other diseases accompanied by hypoxemia. The optimal ventilatory 
strategy in these patients is undefined, but HFNC or NIV is the most used. In 
patients supporting NIV or HFNC, strict monitoring of respiratory status is rec- 
ommended to guarantee immediate intubation if there is a worsening. The possi- 
bility of viral transmission to healthcare workers is low with well-fitted newer 
HFNC systems even if optimal PPE and other infection control measures are 
well used. 

In many cases, mechanical ventilation is necessary, but in others, the issue with 
less severity may not need invasive support. Against this background, some patients 
are characterized by a rapidly evolving hypoxemia, and increase in dyspnea cor- 
related with clinical deterioration under CPAP/NIV may occur. For this reason, 
close monitoring with readiness to carry out intubation must be guaranteed at all 
times. When invasive ventilation using the above-described measures is insuffi- 
cient to provide adequate oxygen uptake and CO, elimination, ECMO should be 
considered. 


Aerosol Droplet Dispersion and Infection Risk Spread 
with NIV 


Aerosol physics shows that transmission of infectious, virus-containing particles 
via aerosols is a theoretical possibility, especially when there are coughing and 
sneezing [16]. During the SARS pandemic, about half of all SARS-related deaths 
were healthcare workers, which demonstrates the high risks associated with the care 
of infectious pneumonia and pandemic infections. Evidence correlated with air- 
borne diffusion of the SARS virus, and the possible risk of aerosol generation using 
NIV in SARS remains controversial. Medical staff is also worried about increasing 
medical activity at the patient’s bedside for the highest risk exposure to potentially 
infectious aerosols, mainly related to NIV. The evidence regarding the use of con- 
ventional oxygen therapy, HFNC, CPAP, and NIV is little respect for the various 
approaches taken to demonstrate aerosols and other room conditions. To assess the 
treatment situation, it seems essential to use aerosol production while spontane- 
ously breathing and coughing patients for comparison purposes. However, it is less 
than invasive ventilation, recommended as “protective intubation” to protect medi- 
cal equipment from infectious aerosols, but based on an assessment with data on 
intubation and endotracheal aspiration. 

The authors found that the latter goes along with a significant risk of aerosol 
exposure [17]. 
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High-Risk Infections and Healthcare Worker Protocols 


The AARC issued a statement concerning ventilation in mass casualty situations, 
including pandemics [17]. The recommendation is not favoring NIV in pandemic 
influenza because the disease often evolves toward ARDS, for which NIV is not a 
typical indication. We shoul select in early stages and mild ARF forms, such as 
minimal pulmonary infiltrates and acceptable P/F ratio. 

Developing infection control protocols for the healthcare professional is crucial 
to avoid acquiring infectious diseases. Protocols should be designed before the out- 
break of a crisis. 

TB patients are infectious for at least 2 weeks after starting anti-TB treatment. 
NIV needs a long period to improve respiratory function in severe TB patients. 

When supported with NIV, SARS, and HINI, patients have a higher risk of 
pneumothorax and/or hemoptysis, and the ventilators should be set at the lowest 
pressures. 

Full protective clothing is used as per all aerosol-generating procedures, includ- 
ing an FFP3 mask when available (N95 masks are the second choice), eye protec- 
tion, a gown, gloves, gowns, caps, and face shields or goggles, associated with 
proper hand hygiene before and after managing the patient and after entering the 
patient’s room. TB patients with contagious disease forms should be isolated in 
airborne infection isolation (AID) rooms. Air cleaning technologies, such as HEPA 
filtration and UVGI, should be used. HCW entering a room with an infectious TB 
patient should wear at least an N95 disposable respirator (preferably an FFP3 mask). 
Unfavorable pressure rooms should be equipped with HEPA (where available) and 
have anterooms [17]. 


Oxygen Therapy 


Although different states recommend administering oxygen using masks equipped 
with an exhaled air filter, such shows are not universally available in our setting. 
Still, when these masks are not available, it can be used a surgical mask over the 
nasal cannula or oxygen mask to limit viral dispersion [18]. No studies have related 
the protection in a reduction in SARS-CoV-2 diffusion between the former type of 
mask and the surgical mask. Still, oxygen administration is considered a low-risk 
aerosol-generating procedure. In the study conducted by Simonds et al., oxygen 
administration via a Venturi mask did not increase aerosol formation near the 
patient. The authors supposed that the exhaled air of an artificially breathing mani- 
kin was marked with smoke particles for visualization. In that case, the exhaled air 
can be visualized up to 0.2, 0.22, 0.3, and 0.4 m from the manikin’s face when 
oxygen is administered at 4, 6, 8, and 10 L/min through a Venturi mask. In the same 
experiment, the application of | or 5 L of O» via oxygen therapy glasses produced 
an expiratory “cloud” of 0.66 m or | m. Different oxygen systems (nasal tubes, 
oxygen masks, and Venturi masks) can deflect the air during exhalation in various 
ways [18]. 
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Inhalation therapy. Nebulizers produce 1-5 tm in size aerosol particles to 
carry bacteria and viruses into the lungs [16]. During nebulizer treatment, the risk 
of infection transmission through droplets and aerosols may increase due to the 
probability of producing a large volume of aerosols that can be expelled over a more 
considerable space than in the natural distribution pattern. Additionally, the larger 
particles may stimulate cough in patients and by-passers and expand the disease’s 
risk. Nebulizer therapy in pandemic COVID-19 patients may diffuse possibly viable 
viruses to receptive individuals. Some centers have practiced a change from nebu- 
lizers to metered-dose inhalers (MDIs) with valved-holding chambers (VHCs). The 
management of inhalation therapy, preferably, should be made using an MDI device 
and VHC. However, it is essential to underline that it is not comfortable for patients 
with acute respiratory failure to receive the medication with these devices effec- 
tively. Nebulization therapy should only be used under the selected conditions as 
severe respiratory disease such as hypoventilation or decreased ventilation, severe 
COPD or cystic fibrosis, uncooperative patients or people unable to follow the 
instructions for an MDI with VHC, or patients with an inadequate response to MDI 
with VHC. 

During the current COVID-19 outbreak, in the light of the risk of transmission of 
all respiratory infective particles, all healthcare professionals are encouraged to 
seriously avoid the use of available nebulizer’s inpatient in spontaneous breathing if 
the devices above are not available. The priority concerning must be preserving the 
safety of the patients and healthcare staff. Therefore, if aerosol therapy is needed, it 
is recommended to use vibrating mesh nebulizer devices with a mask or buccal 
pipette, restricting diffusion and fitting a surgical mask over the device. If a buccal 
pipette with an anti-dispersion system is used, the deposited drug dose must be 
considered. For administering, inhalation therapy is recommended to use pressur- 
ized cartridges with VHC or adaptor. 

If the patient is supported with NIV, it should be placed in the circuit’s inspira- 
tory arm, coordinating pulse with patient inspiration. If aerosol therapy is used, 
vibrating mesh nebulizers with adaptation to the interface’s elbow are the choice. A 
vibrating mesh nebulizer with a T-piece fitted to the NIV circuit can be used as a 
second option. Since this is a “closed system,” no environmental dispersion that 
provided leakage at the mask periphery is well-controlled. Jet-type nebulizers with 
a T-tube generate more significant turbulence and particles of land and increase 
particle dispersion ease [19]. 


Invasive Ventilation 


In the event of a failure of oxygen therapy or NIV (or CPAP), on a case-by-case 
basis, it should be assessed whether controlled intubation and invasive ventilation 
should be performed to reduce the mechanical stress caused by the increased breath- 
ing effort. Endotracheal intubation is a procedure at a high risk of infection. 
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Processes in which the invasive ventilation system needs to be opened are associ- 
ated with an increased risk of disease. During the SARS epidemic in Canada, Fowler 
et al. described a RR of infection of 13.3 for the intubation procedure [20]. Thompson 
et al. [21] studied the viral RNA content of aerosols during various functions in the 
context of the HIN1 epidemic in England. They found a significantly higher expo- 
sure to viral RNA from particles sized <7.3 zm while patients were being intubated. 
The reach of aerosol contamination in a simulation model was up to 2 m around the 
patient’s head. Wearing appropriate protective equipment is, therefore, essential. 
The OR of aerosol production during intubation is 2.3. Endotracheal aspiration of a 
ventilated patient in the same study yielded an OR of 4.11 concerning virus-laden 
aerosols’ output [21]. There are no data on viral transmission in ventilated patients 
outside of procedures that have been published to date. For example, if a defective 
or insufficiently blocked cuff can lead to aerosol formation is unknown. 

Furthermore, not all ventilators have a virus filter in their expiratory limb. Finally, 
due to additional lung damage to be expected from invasive ventilation, extracorpo- 
real membrane oxygenation (ECMO) should also be considered; it is undoubtedly 
more lung protective but brings with its additional risks. 

Closed suction systems should be used for suctioning via a tube or tracheal can- 
nula. During invasive ventilation, it is essential to ensure that exhaled air is filtered 
accordingly. In the absence of appropriate filters in the ventilator, virus deactivation 
filters should be used in the expiratory limb. Founded on current data, inhalation 
therapy, NHF, CPAP, or NIV can be supported by staff wearing PPE (goggles, an 
FFP2 or FFP3 mask, and a gown) without an improved possibility of infection. 


Conclusion 


In managing acute respiratory failure in pulmonary pandemic infections, NIV use 
can prevent respiratory reversal failure and decrease the ETI rate in a group of con- 
tagious patients. Depending on the applied ventilation pressures or increasing flow 
values, both the use of NIV and intermittent NHF result in increased aerosol forma- 
tion, which is a potential risk of ambiental contamination in respiratory infections. 
NIV failure should be identified early on so that intubation can be adequately pre- 
pared and carried out. This prevents emergency intubation, which is associated with 
poorer patient outcomes. As result of extended response times and inadequate pro- 
tective measures, it may put the emergency team at risk due to increased virus 
concentrations. 

The protection of staff is the highest priority. There are necessary certifications 
about the hospital management bodies and an established protocol that suggested 
PPE use for healthcare workers and verification that the healthcare staff is educated 
in fitting and removing PPE. Education programs, capacitation, and scenarios 
should be used to assess response capacity in different healthcare centers’ outbreak 
scenarios. Optimization and expectation of human healthcare resources to improve 
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the healthcare staff’s safety and contemplate possible sick leaves in confirmed dis- 
ease cases. 


Main Points 

1. The treatment of acute respiratory failure in high-risk infectious diseases 
is based on oxygen therapy, HFNC, and NIV. 

2. HENC is a well-tolerated respiratory assistance practice. It should be used 
in selected patients. Patients supported with HFNC should be carefully 
selected, stay in unfavorable pressure rooms, and wear a surgical mask to 
reduce the spread of infectious particles. Healthcare workers should wear 
protective equipment. 

3. NIV is a supportive treatment used in an intensive care unit or a compa- 
rable setting. Healthcare workers must be familiar with NIV and should 
receive adequate training for NIV using in contagious patients 

4. A helmet is an interface for NIV that may decrease the dispersion of 
infected respiratory droplets. The helmet is the preferred interface to appli- 
que if available. 

5. In case of failure of oxygen therapy or NIV (or CPAP), controlled intuba- 
tion and invasive ventilation should be considered. 
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Introduction 


Respiratory infections can lead from mild respiratory illness to severe acute respira- 
tory distress syndrome (ARDS) requiring hospitalization in intensive care units 
(ICUs) and multi-organ failure. High-risk infections such as the HIN1 “Spanish 
Flu” outbreak in 1918, severe acute respiratory syndrome (SARS), 2009 pandemic 
influenza (H1IN1) infection, and the new coronavirus disease 2019 (COVID-19), 
which are still ongoing today, are characterized by a rapid spreading tendency. 
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These high-risk infections have affected people around the world and caused many 
casualties. Infected individuals are more likely to be contagious in the early stages 
of the disease [1]. 

The primary route of transmission of viruses is through respiration. However, it 
can also be transmitted by contact or by infectious breathing aerosols at short dis- 
tances. The risk of transmission depends on the type and duration of exposure, the 
use of preventive measures, and individual factors (e.g., amount of virus in respira- 
tory secretions). Households and being in collective environments are the areas with 
the highest risk of transmission. Social and business meetings and healthcare envi- 
ronments where personal protective equipment is not used (including hospitals and 
long-term care facilities) are also risky areas for transmission. Superspreading 
events, in which large clusters of infections can be traced back to a single index 
case, are thought to be major drivers of the pandemic [2]. Although mild shortness 
of breath is common, ARDS can occur immediately after respiratory distress. 
Among critically ill patients, deep acute hypoxemic respiratory failure from ARDS 
is the predominant finding and the need for mechanical ventilation is high. Early 
clinical reports suggest that the length of stay in the intensive care unit appears to be 
long with staying intubated [3]. In studies conducted among patients with COVID-19 
and who developed ARDS, progression to ARDS occurred at an average of 2.5 days 
after the onset of dyspnea [4-8]. 

The American College of Emergency Physicians has defined a disaster or a mass 
casualty incident as occurring “when the destructive effects of natural or man-made 
forces overwhelm the ability of a given area or community to meet the demand for 
healthcare” [9]. 

Despite the clear potential for mass casualty respiratory failure, there is insuffi- 
cient modern healthcare experience with such events to develop evidence-based 
preparedness efforts. Mass casualty events occur frequently worldwide. 


Discussion: Analysis 


The prevalence and persistence of outbreaks have the potential to cause an intensity 
to the health system for weeks or months. Countries may have difficulty meeting 
medical personnel, equipment (e.g., ventilators and personal protective equipment), 
and most similar healthcare demands. As the number of cases increases, the avail- 
ability of healthcare resources diminishes, and thus, a higher fatality rate occurs. 
The worldwide nature of a pandemic lessens the ability of other nations to provide 
assistance beyond their own borders. 

The impact of a mass casualty on medicine will depend on the characteristics of 
the viruses (e.g., rate of transmission and mortality), interaction with the exposed 
population, and medical response. Respiratory failure viruses associated with mass 
casualties are highly contagious. They have the potential to cause ARDS in a short 
time from mild respiratory failure. The number of patients presenting due to acute 
respiratory failure (ARF), the duration of ARF onset, and the duration of ARF are 
important factors that determine the need for intensive care and mechanical 
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ventilation. If infected individuals develop ARF, the number of intensive care beds 
in hospitals, experienced medical personnel, and medical equipment will be a 
potentially limiting factor for people’s survival. The increase in the number of 
patients who develop ARDS due to respiratory failure causes the need for additional 
intensive care beds. The need for intensive care nurses, doctors, mechanical ventila- 
tion, and other medical equipment also increases. It is possible that the number of 
people needing mechanical ventilation is much higher than the normal mechanical 
ventilator capacity. This condition can potentially lead to the loss of most patients 
who can be treated. This is a must-take into account. 

There are historical examples of global pandemics resulting in respiratory fail- 
ure causing mass casualties. For example, it is estimated that the HIN1 “Spanish 
flu” epidemic of 1918 resulted in the deaths of more than 50 million people world- 
wide [10]. The severe acute respiratory syndrome (SARS) outbreak in 2003 
infected more than 8000 people in 30 countries and more than 700 people died 
[11]. In the SARS epidemic, approximately 20-30% of their patients required 
intensive care and mechanical ventilation for ARDS [12]. Among critically ill 
SARS patients, about 50% died [13]. This placed a heavy burden on ICU staff and 
facilities. Since December 2019, the world is potentially facing one of the most 
difficult infectious situations of the last decades. The COVID-19 pandemic is a 
mass casualty causing high-quality respiratory failure. Most countries around the 
world have shown that they are unprepared for this epidemic due to insufficient 
modern health experience. There are great difficulties in countries in different parts 
of the world. In some places, patients who are infected due to COVID-19 have high 
intensive care hospitalization rates due to severe respiratory failure. A large per- 
centage of patients are waiting to be admitted to hospitals for diagnosis and treat- 
ment. The healthcare system is at risk of collapse due to the large number of 
patients that need attention. 

Early identification of the characteristics of infections that have the potential to 
cause outbreaks and the development of diagnostic methods are very important. 
Determining the ways of transmission enables measures to be taken in society in 
the early period. Personal protective measures (e.g., mask, distance, and hand 
hygiene) prevent the spread of viruses from person to person. The severity of respi- 
ratory failure and hospital admissions are reduced. The use of personal protective 
equipment by healthcare workers provides respiratory protection and reduces the 
risk of secondary contamination in interventions that cause infectious material to 
become aerosol in the ward and intensive care unit (e.g., endotracheal intubation, 
noninvasive ventilation, and administration of drugs with a nebulizer). It makes 
them feel safe during patient interactions. The SARS experience was that the use 
of personal protective equipment to control the spread of infectious agents can be 
highly effective even in environments where knowledge of the infectious agent is 
limited [14]. There is nosocomial spread among healthcare workers caring for crit- 
ically ill patients during the SARS outbreak. At least 1706 healthcare workers 
worldwide have contracted SARS, and some died on the job. These findings high- 
light the significant risk of unprotected workers in a healthcare setting from infec- 
tious agents. 


80 A. Zerman 


Conclusion 


In the event of an outbreak, infection prevention and control measures are based on 
the basic principles of hand hygiene and standard precautions. Extended measures 
should be taken as necessary to target contact, droplet, and infectious disease trans- 
mission routes. Special equipment and precautions should be taken to reduce the 
risk for healthcare workers. For patients with respiratory failure in a mass casualty, 
healthcare planners should plan hospitals and communities how to care for a large 
number of critically ill patients. This planning requires not only the care of patients 
but also the need for adequate equipment and staff. Careful planning for the safety 
of healthcare workers can minimize the morbidity of this type of disaster, protect 
individual healthcare workers, and help maintain the stability of the health system. 
These plans include training and managing personnel, providing personal protective 
equipment, providing a mechanical ventilator and adequate supplementary equip- 
ment, and arranging appropriate oxygen reserves. Safe and stable healthcare infra- 
structure is critical to a mass casualty outbreak response. 


Key Points 

1. Where transmission is common, preventive strategies should be taken for 
all individuals to reduce potential risks. 

2. Personal protective measures and precautions should be taken. 

3. In order to respond effectively to patients who develop respiratory failure 
in a mass casualty, clinicians and public health personnel should be aware 
of the mechanisms of lung damage, clinical complications, and appropri- 
ate medical treatment. 

4. Plans should be made for trained healthcare personnel and other medical 
equipment in response to the growing demand for patients with respiratory 
failure in the preparedness for outbreaks. 
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6MWT Six-minute walk test 

AHI Apnea-hypopnea index 

ALS Amyotrophic lateral sclerosis 

ARF Acute respiratory failure 

Auto-PEEP Auto-positive end-expiratory pressure 

BiPAP Bilevel positive airway pressure 

BMI Body mass index 

CMS Centers for Medicare and Medicaid Service 

COPD Chronic obstructive pulmonary disease 

CPAP Continuous positive airway pressure 

CPE Cardiogenic pulmonary edema 

CRF Chronic respiratory failure 

EPAP Expiratory positive airway pressure 

FEV1 Forced expiratory volume in the first second 
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FVC Forced vital capacity 

ICU Intensive care unit 

MV Minute volume 

NIV Noninvasive ventilation 

OHS Obesity hypoventilation syndrome 
OSA Obstructive sleep apnea 

Poo, Arterial pressure of carbon dioxide 
Fe. Pressure of CO, 

pHIN1 Pandemic influenza H1N1 

Fy, Arterial pressure of oxygen 

PSV Pressure support ventilation 

RAD Respiratory assist device 

SARS Severe acute respiratory syndrome 
TBC Tuberculosis 

Va Alveolar ventilation 

VCC Ventilatory control center 

Vp Dead space 

Ve Minute volume 

Introduction 


Noninvasive (NIV) mechanical ventilation refers to the administration of 
ventilatory support without using an invasive artificial airway, endotracheal, or 
tracheostomy tube. Using NIV has increased all over the world, markedly over the 
past two decades, and NIV now has become an integral tool in the management of 
both acute and chronic respiratory failures, in the intensive care units (ICUs) and 
home settings. The major indications for using NIV are chronic obstructive 
pulmonary disease (COPD), asthma, especially in acute exacerbation where it may 
improve respiratory parameters and reduce intubation rates, morbid obesity, 
neuromuscular disorders such as Guillain—Barre syndrome and acute myasthenia, 
acute and chronic respiratory failure (ARF and CRF), cardiogenic pulmonary 
edema (CPE), chest trauma, immunocompromised patients, post-extubation 
conditions in postoperative patients after abdominal surgery, basal atelectasis, 
prolonged spine position, and diaphragmatic splinting [1, 2]. In this chapter, 
before we describe the pathophysiological effects of NIV, it is important to go 
through the paramount physiologic effects of NIV, and then, we will discuss some 
criteria necessary to be fulfilled for the application of NIV, and in the end, which 
role NIV has in the treatment of infectious lung diseases will be described. 


Discussion 


According to data from the literature, NIV has physiological effects on the following: 
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Minute volume (MV): 

By increasing the pressure and flow through the NIV mask, the MV can increase 
significantly unless there is an increase in dead space with positive pressure 
where the increase in MV usually translates to increased alveolar ventilation. 
This can be represented mathematically by a formula: V, = Vg — Vp. It reflects the 
ultimate result of V, increase in the additional provision of oxygen (O,) to and 
removal of carbon dioxide (CO,) from alveolar gas. 

Relationship of alveolar ventilation to alveolar P., and P, . 

As alveolar ventilation increases, alveolar P., decreases exponentially, and arterial 
partial pressure of carbon dioxide (Po, follows its decline. In contrast, as alveo- 
lar ventilation increases, alveolar F, increases, and inhaled F,, approaches its 
growth. We can conclude that the crucial effect of NIV is to maintain adequate 
levels of Fy, and Fo, in arterial blood, while also unloading the inspiratory mus- 
cles [3]. 


NIV Relives Respiratory Muscles NIV could disburden the ventilatory muscles 
in two ways. The first way is that NIV reduces the number of required patient efforts 
and the second, for a given tidal volume (TV), NIV reduces the muscle load during 
an interactive-assisted breath [4]. The mentioned effects can reverse fatigue and 
reduce a neuronal drive to prevent fatigue. In conclusion, the overload of already 
damaged ventilatory muscles is a key failure factor leading to hypercapnia in respi- 
ratory diseases. Properly applied NIV reduces the load on the muscles and leads to 
faster recovery [3]. 


NIV Resets the Ventilatory Control System The TV, inspiratory/expiratory ratio, 
and frequency are controlled by neurons known as ventilatory control center (VCC) 
located in the brainstem, which obtains information from chemoreceptors located in 
the fourth ventricle in the brain and great vessels and from mechanoreceptors in the 
thorax and ventilatory muscles [5—7]. NIV can have an important effect on VCC 
through different pathways like reducing dyspnea, improving gas exchange, and 
reducing muscle loads. Poor NIV adjustment and central nervous system disorders 
can lead to additional provocation of the VCC response, which will result in further 
deterioration of the situation. It is important to note that NIV maintains patency of 
the upper airways, which is especially important in patients with sleep apnea, where 
the basic principle is that positive pressure in the upper airways keeps the collapsed 
airways open throughout sleeping. Also, NIV reduces imposed triggering loads 
from auto-positive end-expiratory pressure (Auto-PEEP) whereby providing the 
applied PEEP below the level of Auto-PEEP, and the gradient between the alveolar 
and mask pressure is reduced, thus reducing imposed activation [3]. 


Pathophysiology of NIV We mentioned the most important indications for the use 
of NIV, and it is necessary to note that the mechanism by which the effects of NIV 
are achieved differently in each of these disorders. Obesity hypoventilation syn- 
drome (OHS) is defined as a combination of obesity where the body mass index 
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(BMI) >30 kg/m’, daytime hypercapnia >45 mmHg, and has sleep disorder breath- 
ing if we have previously excluded all other causes of alveolar hypoventilation. 
According to some studies, continuous positive airway pressure (CPAP) and NIV 
ameliorate clinical symptoms, gas exchange, sleep disorder breathing, and quality 
of life. The use of NIV leads to a significant decrease in daytime wake P.._ and an 
increase in arterial P, . NIV also contributes to the improvement of certain respira- 
tory parameters such as forced vital capacity (FVC), forced expiratory volume in 
the first second (FEV1), and 6-minute walk distance (6MWT). How do we decide 
between CPAP and NIV in the treatment of OHS? According to some authors, the 
one of criteria is the level of the apnea—hypopnea index (AHI). When the AHI > 30 
and the patients have accompanying obstructive sleep apnea (OSA), CPAP is the 
method of choice, and when the AHI < 30 with no OSA, NIV is the first-line treat- 
ment [8, 9]. 


The use of NIV in the treatment of neuromuscular diseases like amyotrophic 
lateral sclerosis (ALS) was started in 2006 where the one of criteria for NIV appli- 
cation was Fo, 2 45 mmHg in arterial blood through spontaneous breathing in a 
sitting position minimum of 15 min. NIV improves the quality of life in such 
patients, their survival, and their cognitive performances. Initial NIV settings are 
fairly simple, but any disease progression, ventilation dependence, and upper- 
airway involvement could sometimes make it difficult to adjust to NIV, which can 
have a major impact on the quality of life of these patients and their survival. 
Furthermore, the same data have shown that the application of NIV in ALS comes 
with the correction of leakage, treatment of OSA, and adaptation of the patient to 
the ventilator, which greatly improves the prognosis of the disease [10]. 

The last two decades have been crucial for obtaining data from Europe related to 
the application of high-intensity NIV, the clinical characteristics of patients, and the 
best time to start this type of treatment in people with COPD. Unlike in Europe, the 
US healthcare system did not have such an approach because the use of NIV in 
severe causes of COPD is generally limited by the practicalities. Some authors 
described some pathophysiological targets that NIV acts on the following: In nar- 
rowing of the airways caused by inflammation and contraction of smooth muscles, 
NIV through positive pressure allows the airways to open; in alveolar destruction, 
using expiratory positive airway pressure (EPAP) is adjusted to take over intrinsic 
PEEP to reduce breathing muscle burden; diaphragmatic dysfunction refers to atro- 
phies from hyperventilation, limited excursions of ventilatory support, increased 
load on the breathing muscle, all the way to an increase in airway resistance, and 
finally atrophy of the diaphragm, and in this case, high-intensity NIV reduces dia- 
phragm exertion and control mechanism of breathing leading to diaphragm rest. 
According to the recommendations by the United States Center for Medicare and 
Medicaid Service (CMS) in patients with COPD, NIV is also recommended for use 
in home settings, which is considered due to hypoxemia and hypercapnia being bet- 
ter indicators of obstructive pulmonary disease than the spirometric report. To qual- 
ify for home NIV all the following criteria need to be satisfied: the R,,, measured in 
arterial blood while the patient is awake and on oxygen therapy (if it is prescribed) 


NIV-Pathophysiology—High-Risk Infection, Microbiology 87 


should be higher than 52 mmHg, oxygen saturation of the blood during the night 
<88 mmHg for a period longer than 5 min with a minimum of 2 h of nocturnal 
recording on 2 L/min supplemental oxygen or the patient’s prescribed levels, which- 
ever is higher and OSA and CPAP treatments have been considered and excluded. 
The stated criteria will qualify patients for the application of a “respiratory-assisted 
device” (RAD) without a backup rate (1.e., bilevel positive airway pressure (BiPAP), 
a device that will require the patient to breathe spontaneously) [11]. CPE is one of 
the most prevalent causes of ARF in acute care settings, which oftentimes require 
ventilatory assistance using NIV or CPAP. When we discuss NIV, it is generally 
delivered by using a combination of pressure support ventilation (PSV) and PEEP. In 
patients with ARF throughout CPE, NIV-positive airway pressure can reduce sys- 
tematic venous return and left ventricular afterload, thus reducing left ventricular 
filling pressure and limiting pulmonary edema. In the conclusion of some authors, 
NIV has been shown to reduce the rate of invasive ventilation, shorten the duration 
of hospitalization, and improve survival [12]. 

About ARF, like one of the most important indications for NIV, there will be a 
discussion in one of the following chapters. 

The next question we need to ask ourselves is whether we should use NIV for 
systematic infections and whether using NIV poses a risk of transmission of the 
infections from the patient to healthcare professionals. From collected data, it was 
recorded that NIV was used in the treatment of a couple of infectious pulmonary 
diseases: severe acute respiratory syndrome (SARS), pandemic influenza A 
(,HIN1), and pulmonary tuberculosis (TBC); the use of NIV was noted between 
2002 and 2003 among the patients who suffered respiratory failure from SARS and 
also throughout the epidemic H1IN1 in 2009. Data from that period showed that 
there was no disease transmission with the use of NIV from patients to healthcare 
workers; however, healthcare workers were not routinely screened for infections 
during that time. In this chapter, we will not deal in detail with the mentioned dis- 
eases, but we will describe some of their most important characteristics [13]. 

SARS virus belongs to the group of SARS-associated coronaviruses (SARS- 
CoV). The virus is found in respiratory secretions, blood, stool, and in various tis- 
sues, from where it could be isolated during illness. The clinical picture varies, from 
cases with mild respiratory symptoms to severe, with progressive respiratory fail- 
ure. The percentage of NIV use varies from study to study, for example, in one 
Chinese study from 2003. The percentage of NIV use was 51.9%, NIV failure was 
10.3%, and a mortality rate was around 9%, while another research from 2004 noted 
NIV failure of about 70%. Prevention measures include mandatory isolation of 
patients, and medical workers are required to use masks (surgical or N95), protec- 
tive suits, gloves, and glasses [13, 14]. 

Influenza A virus, subtype HIN1 (A/HIN1), belongs to the Orthomyxoviridae 
family. They have glycoproteins, hemagglutinin, and neuraminidase on the surface 
of the lipid envelope. Hemagglutinin stimulates the fusion of the virus with the cell 
membrane, and the enzyme neuraminidase destroys sialic acid receptors on the sur- 
face of epithelial cells, enables the spread of the virus from infected cells after rep- 
lication, and facilitates the penetration of the virus into the respiratory tract [14]. A 
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summary of published studies on NIV in , HIN1 showed that the percentage of 
patients using NIV was between 21 and 66%, NIV failure was between 24 and 
100%, and mortality rates went from 2.1 to 68.4% [13]. 

Currently, the major global problem is an infection caused by COVID-19. How 
important the use of NIV is for patients and what is their quality of life after being 
discharged for home treatment will be discussed in a later chapter. 


Conclusion In the last two decades, the use of NIV has become widespread around 
the world. NIV has been used as a replacement for invasive ventilation, and its flex- 
ibility also allows it to be a valuable complement to inpatient management. Its phys- 
iological effects are achieved at more levels, but some of the most important is as 
follows: increasing minute ventilation, reducing muscle loading, and maintaining 
upper-airway patency through sleep. The use of NIV in certain chronic diseases is 
imperative, but there is growing evidence that the use of NIV in the treatment of 
respiratory failure caused by certain viruses and bacteria is inevitable, especially in 
SARS, HIN1, COVID-19, TBC, and others. What future research brings us, whether 
the use of NIV in the treatment of infectious diseases will become unavoidable, 
remains for researchers to deal with in more detail. 


Key Major Recommendations 

1. Noninvasive ventilation is widespread with a large number of usage 
indications. 

2. The main benefits of NIV application are an increase in minute ventilation 
and a reduction in muscle load. 

3. It is very important to set criteria for the application of NIV in the indi- 
cated conditions. 

4. In pathogens such as SARS, HIN1, and TBC, the use of NIV was indi- 
cated during respiratory failure. 

5. In the future, it is necessary to examine whether there is a possibility of 
transmission of pathogens from the patient to healthcare workers during 
NIV application. 
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Abbreviations 


AHRF Acute hypoxemic respiratory failure 
ARDS _ Acute respiratory distress syndrome 
ARF Acute respiratory failure 

BGE Blood gas and electrolyte 

COT Continuous oxygen therapy 

CPAP Continuous positive airway pressure 
HFNC  High-flow nasal cannula 

HFOT  High-flow oxygen therapy 


NIV Noninvasive ventilation 
P/F PO,/FiO, 

PP Prone position 
Introduction 


High-flow nasal cannula (HFNC) therapy is an emerging form of noninvasive respi- 
ratory support, increasing clinicians’ attention. HFNC is increasingly used to man- 
age chronic and acute respiratory failure (ARF) caused by various clinical conditions. 
HFNC oxygen therapy is a technique that can deliver a FiO, up to 1.0 by supplying 
warm, humidified oxygen through a nasal cannula [1]. The system includes a 
blender, active humidifier, single heated tube, and nasal cannula. This offers better 
comfort for the patient, compared with NIV, and more efficient oxygenation than 
COT [2]. The greater flow corresponds to the patient’s demand, reduces anatomical 
dead space by decreasing the extent of breathing, and provides positive pressure in 
the upper airways [3]. In patients with moderate-severe AHRF, HFNC reduces 
inspiratory effort and improves oxygenation and dynamic compliance. HFNC 
reduces carbon dioxide tension, and the effects are dependent on flow and leaks 
through airway flushing and functional dead-space reduction. HFNC is also benefi- 
cial for patients with airway disorders characterized by neutrophilic airway inflam- 
mation, mucus hypersecretion and retention, and impaired mucociliary transport. 
Long-term humidification therapy significantly reduced exacerbation days, 
increased time to first exacerbation, and improved lung function and quality of 
life [4]. 


HFNC: Accessories and Setting Up 


HFNC can be used with a variety of patient interfaces: 


1. Optiflow nasal cannula for adults and juniors. This nasal cannula has shaped 
prongs for a softer, more aerodynamic fit, an anatomical design to improve air- 
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flow and sit comfortably in the nostrils, and a concave base designed to relieve 
pressure septum and shaped to fit the shape of the upper lip discreetly. 

2. Tracheostomy interface. 

3. Mask interface adapter is designed to be used with a vented mask only. 

4. Aerosol drug delivery nebulizer for single-patient use. 


Collect the correct equipment for the patient (circuit, O, tubes, water). Select the 
interface for the patient size and note the maximum flow rates as follows: 


— Junior nasal cannula: the maximum flow of 20 L/min or pediatric nasal cannula, 
maximum flow of 25 L/min. 

— The adult nasal cannula has three sizes: the small size with a maximum flow of 
50 L/min, medium and large sizes, both with a maximum flow of 60 L/min. 

— Tracheostomy and mask connectors—the maximum flow of 60 L/min. 


The choice of the proper interface for the patient must ensure a correct fit to 
avoid trauma to the nose or inappropriate administration and promote the appropri- 
ate functionality of AIRVO2 (TM Fisher & Paykel Healthcare, New Zealand). The 
nostrils should not be completely occluded; there should always be 50% free space 
around the nasal tips. The space is essential to ensure expiration and prevent hyper- 
distension of the airways or gastric system. The choice of the nasal cannula should 
be based on the diameter of the nostril and not on the size of the patient as a whole. 
You need to ensure room for gas flow around the nasal cannula to allow the exhaled 
gas to escape. 


Temperature Setting 
Three target dew point temperatures are available. 


— The Junior model is restricted to 34 °C. 

— The adult mode settings default to 37 °C, ideal for the tracheostomy interface and 
adult nasal cannula (unless uncomfortable for the patient, then change the tem- 
perature setting to 34 °C). 

— Only reduce the temperature to 31 °C for high flow via a facemask or if the 
patient complains of being too warm to tolerate with a nasal cannula. 


Flow Rate Setting 


The HFNC can have a flow set between 2 and 60 L/min. 

The Junior model can deliver 2—25 L/min. Suitable interfaces are infant (purple) 
and pediatric (green) nasal cannula (infant cannula limited to 20 L/min). 1 L/min 
intervals can adjust flow in Junior mode. 
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The adult model can deliver 10-60 L/min with a selection of interfaces, small 
nasal cannula (max flow 50 L/min), medium nasal cannula, direct tracheostomy 
connection, tracheostomy collar mask, and face mask (max flow of 60 L/min). Adult 
flow can be adjusted by 1 L/min between 10 and 25 L/min and 5 L/min when the 
flow is set between 25 and 60 L/min. 


Oxygen Setting 


Supplementary oxygen up to 60 L/min can be provided via the HFNC; the oxygen 
concentration 1s set by altering the pole’s flow meter. The flow meter only increases 
or decreases the oxygen added to the system. The end oxygen concentration deliv- 
ered to the patient is displayed on the HFENC monitor screen. It may take several 
minutes to settle. The patient’s peak inspiratory demand and any dilution from 
ambient air may affect the concentration of oxygen being delivered, as will a change 
inflow on the HFNC; hence, the FiO, output from the HFNC may vary from what 
the patient is receiving. 


Monitoring 


Minimum required monitoring includes the following: 
Continuous or hourly assessment of: 


— Continuous oxygen saturation. 

— Continuous ECG monitoring 

— Hourly assessment of work of breathing—respiration rate, effort, and air entries 
unless on the stable patient (blow and grow). 

— BGE. 

— Blood pressure. 

— Color and perfusion. 

— Temperature and pulse. 

— Suppose the patient is stable on high-flow therapy. In that case, there is the pos- 
sibility of reducing observation frequency to reflect clinical condition (any de- 
escalation of monitoring should be agreed upon by the consultant overseeing care). 


Patients should always receive at least 2 hourly respiratory assessments and 4 
complete hourly observations. Staff should always be prepared to support with bag- 
valve-mask ventilation. 
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Bioaerosol Dispersion and Safe Distance During HFNC 
in Mass Infections 


An important preoccupation is that HFNC may increase bioaerosol dispersion in the 
surroundings due to the high gas flow. The increased distribution might favor trans- 
mitting infectious agents carried in aerosol droplets generated by the infected patient 
[5]. Therefore, we aimed to discuss the scientific evidence supporting the dispersal 
risk of bioaerosols induced by HFNC. A comparison study by Hui et al. of exhaled 
air dispersion during high-flow nasal cannula therapy vs. CPAP via different masks 
claims that the dispersion distance of the exhaled air during the application of 
HFNC at 60 L/min is less than that from the application of the CPAP through the 
commonly used nasal pillows. However, losses to 620 mm laterally may occur in 
the presence of a loose connection between HFNC and the interface tube [6]. Taken 
together, compared to oxygen with a mask, the use of HFNC neither increases the 
dispersion or the microbiological contamination in the environment; the possibility 
for the patient to wear a surgical mask over HFNC to reduce the transmission of 
aerosol during coughing or sneezing represents a further advantage. 


The Rationale for the Use of HFNC 
Acute Hypoxemic Respiratory Failure (AHRF) 


De novo acute respiratory failure comprises hypoxemic patients without underlying 
chronic lung disease or cardiogenic pulmonary edema; hypercapnia is unusual in 
this situation. The principal reason in nearly three-quarters of the cases is pneumo- 
nia [7]. The use of NIV in patients with de novo respiratory failure remains debated 
because of the lack of evidence regarding its benefit [7]. Although the physiological 
effects of NIV are beneficial in hypercapnic patients, they could be deleterious in 
hypoxemic patients without hypercapnia. The recent European/American clinical 
practice guidelines could not establish any recommendations for its use in this acute 
setting [8]. Indeed, intubation rates are exceptionally high in these patients, ranging 
from 30 to 60%. Although NIV may decrease the risk of intubation compared to 
standard oxygen, no significant difference in mortality was found [7]. In patients 
with AHRF, HFNC is usually started in the persistence of hypoxemia and/or respi- 
ratory distress despite conventional oxygen therapy. Hence, these patients’ hypox- 
emia levels differ significantly, from mild-to-moderate to severe hypoxemia (PaO,/ 
FiO, < 200). Although many of them are efficaciously treated with HFENC, the lower 
boundary in PaO./FiO, has not been established. In the absence of criteria for urgent 
intubation, patients with ARDS can be offered a trial with HFNC. The physiological 
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effects of this oxygenation support include the improvement in oxygenation and 
alveolar ventilation and a decrease in the work of breathing. To date, only one large- 
scale, randomized, controlled trial has compared NIV vs. standard oxygen and high- 
flow oxygen therapy in 310 patients with de novo respiratory failure [7]. In this 
study, mortality was lower using HFNC alone than using HFNC with NIV sessions, 
thereby suggesting harmful effects of NIV. 


Acute Hypercapnic Respiratory Failure 


When acute respiratory failure is related to a COPD exacerbation, NIV is usually 
the first-line choice, but low tolerance often limits its success. Papachatzakis et al. 
[9] suggest that HFNC is an alternative treatment for hypercapnic respiratory fail- 
ure, especially when NIV is not well tolerated. In the E.D, in a randomized con- 
trolled study comparing HFOT with NIV in 204 patients requiring NIV mainly for 
COPD exacerbation (39% of patients) [10], results showed that HFOT was non- 
inferior to NIV for intubation and decision to apply alternate therapy. Future studies 
should assess whether HFOT could be an alternative to NIV or standard oxygen in 
COPD patients to reduce the risk of intubation. Tan et al. [11] suggest that among 
COPD patients with severe hypercapnic respiratory failure treated with invasive 
ventilation, the use of HFNC after extubation did not produce improved treatment 
failure rates vs. NIV. HFNC is also better tolerated and comfortable than 
NIV. Physiological reports about the use of HFNC reveal an increase in mean air- 
way pressure and reduced dead-space ventilation. These modifications decrease 
respiratory rate and end-expiratory lung volume and increase tidal volume, with a 
consequent measurable decrease in work of breathing. Studies have demonstrated 
that HFNC reduces hypercapnia despite a reduced respiratory rate [12]. This is cor- 
related to a flow- and leakage-dependent clearance of upper airway gases that reduce 
CO, rebreathing. A study found that after 6 weeks of HFNC treatment, a reduction 
of hypercapnia and improvement in the quality of life acquired were non-inferior to 
NIV. [10]. HFNC has been suggested as a complementary therapy to NIV or an 
alternative to NIV or oxygen therapy in mild respiratory acidosis. HFNC could 
reduce the time spent on a ventilator and improve the work of breathing during 
the use. 


Chronic Airway Disease 


Chronic inflammation of the airways with mucus retention in patients with COPD 
and bronchiectasis can exacerbate impaired lung function and low quality of life. 
Lung mucus retention is an important predisposing factor in the vicious cycle of 
recurrent respiratory infection. Stagnant mucus tends to become chronically colo- 
nized with bacteria capable of giving rise to overt recurrent episodes of illness. 
Difficulty in expectoration and concomitant high frequency of coughing and spu- 
tum production can be painful for the patient. The importance of mucociliary 
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clearance as a defense mechanism is well established. Cough clearance begins when 
mucociliary clearance is impaired. Whether it is achieved by mucociliary clearance 
or cough, removing microbial matter and inflammatory products is essential to 
avoid microbial colonization. As the main constituent of mucus, the role of water 
can be decisive for the composition of the mucus and its portability, so adequate 
hydration is the basis of this concept. Furthermore, studies have shown that the 
function of the mucosa is optimal at 37 °C and 100% relative humidity. The role of 
temperature and humidification in optimizing mucosal function is well established. 
Numerous treatment strategies have been employed to improve mucociliary clear- 
ance. These include rehabilitation methods and medications. Humidification ther- 
apy has been shown to increase mucociliary clearance, reduce mucus viscosity, and 
promote expectoration in airway diseases [4]. Hasani and colleagues demonstrated 
that just 3 h/day of humidification therapy for 7 days for patients with bronchiecta- 
sis significantly increased pulmonary mucociliary clearance [13]. Rea et al. studied 
108 patients diagnosed with COPD or bronchiectasis. Patients were randomized to 
daily humidified, fully saturated air therapy at 37 °C at a flow rate of 20 and 25 L/ 
min, administered via Optiflow nasal cannula connected to an MR880 humidifier 
and HC210 flow source system (Fisher and Paykel Healthcare, New Zealand) or 
routine care for 12 months during which exacerbations were recorded. Lung func- 
tion, quality of life, exercise capacity, and airway inflammation measurements were 
also recorded at baseline, 3 and 12 months. The result was that patients on long-term 
humidification therapy had significantly fewer exacerbation days, increased time to 
first exacerbation, and a reduced exacerbation rate compared to usual care. Quality 
of life and lung function scores improved considerably with humidification therapy 
compared with standard care at 3 and 12 months [4]. 


Avoidance of Intubation 


Since the institution of HFNC in the armamentarium of respiratory failure manage- 
ment, several observational studies have indicated that the respiratory status of 
patients with AHRF is significantly enhanced with NHF in comparison to standard 
oxygen [14]. Intubation may be avoided in some patients with the use of NHF. The 
characteristics of NFNC and the correlated physiological effects account for the 
preeminence of NFNC about comfort, tolerance, alleviation of respiratory distress, 
and improved oxygenation. The Florali study [15] showed in a post hoc subgroup 
(patients with a PaO,/FiO, < 200) that the percentage of intubation was lower in 
patients treated with NFNC compared to those treated with NIV or standard oxy- 
gen. This clinically significant variance translated into a hospital and 90-day mortal- 
ity rate reduction favoring patients treated with NFNC as first-line therapy. A single 
RCT relating NFNC to NIV for undifferentiated respiratory failure found that 
NENC was non-inferior to NIV for intubation frequency [15]. Therefore, it emerges 
that differing to the ICU, delayed. Intubation is an infrequent occurrence in the 
E.D. Many more extensive studies would be essential to establish any benefit con- 
cerning avoiding intubation. 
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HFNC and Preoxygenation 


A significant percentage of patients admitted to the ICU for AHRF will fail NIV and 
thus necessitate tracheal intubation. In these patients, this procedure presents an 
even greater risk of complications, mainly oxygen desaturation. Studies have dem- 
onstrated that standard preoxygenation, even when correctly performed, is insuffi- 
cient to ensure satisfactory oxygenation in critically ill patients. This has led 
clinicians to consider supplementary methods of preoxygenation. NIV was strongly 
indicated to be superior to standard oxygen, although a confirmatory trial failed to 
confirm NIV’s superiority [16]. Because an increasing number of patients with 
AHRE are treated with NFNC as first-line ventilatory support, the device is often 
prepared on-site when intubation occurs. NIV may be seen as superior to HFNC 
during the spontaneously breathing phase, and NFNC may prove more helpful dur- 
ing apnea and laryngoscopy because it can be left in place. This was tested in a 
recent RCT that compared NIV and HFNC to ensure preoxygenation of patients 
with AHRF necessitating tracheal intubation in the ICU. The main outcome was the 
incidence of significant desaturation (SpO, < 80%). There was no difference 
between the two strategies (23% with NIV vs. 27% with HFNC) in the study 
patients. In patients with moderate-to-severe hypoxemia (P/F < 200 mmHg), desat- 
uration <80% occurred less commonly after preoxygenation with NIV than with 
nasal high flow (24% vs. 35%, p = 0.046) [17]. In the two groups, there were no 
differences in severe adverse events. The combination of NIV and NFNC to avoid 
desaturation during intubation was superior to NIV alone. Significantly fewer desat- 
urations occurred with the combination of NIV and NFNC. 


NFNC in the Post-Extubation 


Preventing reintubation after extubation is the main concern for patient manage- 
ment due to the complications associated with reintubation. After a safety concern 
secondary to the risk of delaying reintubation, patients with post-extubation respira- 
tory failure have been raised. NIV plays a preventive role in patients with a high risk 
of loss. In high-risk patients, two extensive studies found that NFNC was non- 
inferior to NIV: only one study in a general population [18] and the other in cardio- 
thoracic post-surgery patients [19]. Discomfort limited NIV duration in these 
studies to 14 and 6.6 h, respectively, during the first 24 h, especially after cardiotho- 
racic surgery, where discomfort was significantly more frequent with NIV than with 
NENC. A trial evaluated NFNC compared to the combination of NFNC and NIV in 
high-risk patients [20]. In this study, the time treated with NIV was 13 h during the 
first 24 h showing that NIV tolerance may be a limitation to this strategy in this 
subset of patients. Nonetheless, the authors found that the addition of NFNC to NIV 
led to a reduction of reintubation that NFNC alone. 

Interestingly, the reintubation rate on day 7 was considerably lower with NIV 
than with NFNC alone in patients with hypercapnia before extubation. Still, not 
such differentiation was found in patients with PaCO, < 45 mmHg. In high-risk 
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patients, the amalgamation of NIV and NFNC, therefore, appears to benefit patients 
with pre-extubation hypercapnia more. Duration of preventive therapy and the date 
of assessment of reintubation are essential variables to take into account. NFNC 
may help some E.D. patients who would not be planned for intubation or when NIV 
is not well tolerated. 


Palliative Care 


NIV can be used in palliative care, although the patient’s discomfort and the inabil- 
ity to feed and speak may limit its use. NFNC can be an alternative method of pro- 
viding oxygen and respiratory support in this context by relieving dyspnea, 
especially in patients with advanced cancer and do-not-intubate patients with 
hypoxemic respiratory failure [21], also with an advantage in terms of improved 
patient comfort and quality of life. Furthermore, NFNC is non-inferior to NIV in 
palliation of dyspnea in patients with terminal cancer. In our experience, there is 
also the possibility of an association between negative pressure ventilation and 
NENC during palliative treatment. It is less invasive and increases the patient’s 
comfort and caregiver acceptance. 


HFNC Use in COVID-19 Patients 


The new coronavirus disease (COVID-19) causes a severe acute respiratory syn- 
drome that may involve countless resources. The patients who develop moderate-to- 
severe respiratory failure require oxygen supplementation devices such as NIV and 
HENC. The primary strategy for COVID-19 patients is supportive care, including 
oxygen therapy for hypoxemic patients, in which HFNC was reported as effective 
in improving oxygenation [1]. The World Health Organization (WHO) has distrib- 
uted a guide on managing severe respiratory infections in COVID-19. Using evi- 
dence from several recently published studies [22], the WHO guide claims that 
HFNC does not create a wide dispersion of exhaled air and should be associated 
with a low risk of transmission of respiratory viruses. It is also dependent on patient 
respiratory function and functional capacity. Among patients with acute hypoxemic 
respiratory failure, HFNC was proven to avoid intubation compared to conventional 
oxygen device [6]. More severe cases of COVID-19 often lead to acute respiratory 
distress syndrome (ARDS), which is one of the hallmark features of critical 
COVID-19. ARDS can be life-threatening for its low blood oxygenation levels, and 
it can result in organ failure. There are no specific accepted and appropriate treat- 
ments for COVID-19, but treatments for respiratory failure are urgently needed. 
More studies suggest the prone positioning (P.P.) during the ventilation of COVID-19 
patient to treat ARDS. In this regard, combining P.P. with these noninvasive respira- 
tory supports in ARDS may result in better physiological effects on a ventilation— 
perfusion mismatch and greater homogeneity in ARDS mechanics while receiving 
positive pressure support. 
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Conclusion 


HFNC can be the first line of therapy in every kind of acute hypoxemic respiratory 
failure management (i.e., first-line ventilatory support, preoxygenation, post- 
extubation, palliative care) with possible advantages for the patient. An actual cutoff 
of secure evaluation for the treatment/non-treatment is not established, but the first 
attempt in a protected environment must always be attempted. NFNC has been sug- 
gested as an alternative to NIV in mild-to-moderate respiratory acidosis, mostly 
when NIV is not tolerated. A real pH value to start NHF or desist is not established, 
but it depends on the staff’s experience and the capacity to change the different 
treatments. Long-term humidification therapy considerably reduced exacerbation 
days, augmented time to first exacerbation, and enhanced lung function and quality 
of life in patients with COPD and bronchiectasis. 


Key Point 

1. High-flow nasal cannula is an emerging form of noninvasive respiratory 
support. 

2. NFNC has been suggested as an alternative to NIV in mild-to-moderate 
respiratory acidosis, mostly when NIV is not tolerated. 

3. For bioaerosol dispersion and safe distance, HFNC at 60 L/min is less than 
that from the application of the CPAP. 

4. NIV can be used in palliative care. 

5. HFNC reduces the time spent on a ventilator and improves the work of 
breathing during the use. 
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ARDS _ Acute respiratory distress syndrome 
ARF Acute respiratory failure 

BiPAP _ Bilevel positive airway pressure 

COPD Chronic obstructive pulmonary disease 
EELV  End-expiratory lung volume 

FDA Food and Drug Administration 

IPPB Intermittent positive pressure breathing 
NIV Noninvasive ventilation 

NPPV Noninvasive positive pressure ventilation 
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OSA Obstructive sleep apnea 

PEEP Positive end-expiratory pressure 
PEFR Peak expiratory flow rate 

USA United States of America 

VT Tidal volume 


Introduction 


Noninvasive mechanical ventilation (NIV) is defined as ventilatory support with 
positive pressure in the airways, where the airway is not secured by using an endo- 
tracheal tube, laryngeal mask, or endotracheal cannula. In the last three decades, the 
interest in the use of NIV has been on the increase, especially in respiratory insuf- 
ficiency of various etiologies. According to well-established criteria, the application 
of NIV is indicated in the following situations: pH * 7.35, pO, < 60 mmHg, 
pCO, > 45 mmHg, and PaO,/FiO, * 200. In addition to the mentioned indication, 
NIV is also used in neuromuscular diseases, heart failure, immune-compromised 
patients, high-risk surgical procedures, and in the case of respiratory insufficiency 
development following elective extubation. In order for NIV to be implemented 
efficiently, it is extremely important to choose the appropriate and comfortable 
equipment (interface) through which this type of ventilation is achieved, as well as 
necessary clinical and laboratory monitoring. The most frequently used modes of 
NIV are continuous positive airway pressure (CPAP), bilevel positive airway pres- 
sure (BiPAP), and noninvasive pressure support ventilation (NIVPS) [1]. In this 
topic, we will discuss CPAP, as one of the most commonly used NIV modalities 
regarding the history of NIV development. 


The History of NIV 


According to literature data, noninvasive methods for ventilatory support have fea- 
tured prominently throughout the history of respiratory care. During the 1920s, 
supplemental oxygen was used in few hospitals as the first practicable resource for 
sustaining life in patients who were unable to breathe for themselves; it came with 
the introduction of the tank ventilator (iron lung) at the end of that decade. The 
emergence of mechanical ventilation is linked to the outbreak of the Poliovirus epi- 
demic in 1950, initially in Denmark and then in the United States of America (USA), 
after which it spread to other countries. The use of mechanical ventilation has 
proven to be life-saving. During the 1960s, the major progress was made in under- 
standing pulmonary gas exchange which refers to the recognition of acute 
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respiratory distress syndrome (ARDS) and the first use of positive end-expiratory 
pressure (PEEP) to treat hypoxemia in ARDS, as well as the use of arterial blood 
gases in patient assessment, and the widespread use of intermittent positive pressure 
breathing (IPPB) in USA hospitals for “breathing treatments.” The first use of con- 
tinuous positive airway pressure (CPAP) was recorded in the 1970s in neonates [2], 
while significant research and use of CPAP were introduced in the 1980s when 
Sulivan et al. delivered CPAP via a nasal mask in obstructive sleep apnea (OSA) [3]. 
Seeing the success of the application of nasal CPAP in OSA, the availability of 
improved patient interfaces, an increasing desire to avoid the complications of inva- 
sive mechanical ventilation, and the refusal of some patients to be intubated, there 
followed a renewed interest in NIV for managing acute respiratory failure (ARF). 
During that decade, modern bilevel pressure-targeted ventilators were presented for 
noninvasive positive pressure ventilation (NPPV) and have been in increased use, 
especially from the 2000s [2]. 


CPAP: Physiology 


CPAP is a type of positive airway pressure, where the airflow is introduced into the 
airways to maintain a continuous pressure to constantly keep the airways open, in 
people who are breathing spontaneously. CPAP is a way of delivering positive end- 
expiratory pressure (PEEP) which is defined as the pressure in alveoli above the 
atmospheric pressure at the end of expiration [4]. Simply put, during the delivery of 
CPAP, the pressure in the airways is required to be constant between inhalation and 
exhalation. Such pressure is achieved by a servo-controlled air compressor that 
maintains the airway pressure as close as possible to the prescribed pressure despite 
the pull (inspiration) and push (exhalation) of the patient. Keeping this pressure 
within a Food and Drug Administration (FDA) specified pressure range (e.g., 
+1.5 cmH,O of the set pressure) is necessary as a quality-assurance measure that 
would ensure that the device maintains a certain prescription pressure for the patient. 
Such a prespecified error range is generally greater with larger tidal volume (VT) or 
inspiratory effort from patients, faster respiratory rate, and at higher prescription 
pressure settings, because the device would need to be more rapidly responsive to 
the perturbations in the airway pressure at such extremes to maintain the pressure at 
the prescribed level. There are many positive physiological effects during the appli- 
cation of CPAP devices: splints the upper airway; increases end-expiratory lung 
volume (EELV) resulting in the traction of the upper airways where that traction 
assists splinting open of the upper airway; achieves positive intrathoracic pressure; 
decrease afterload and can increase cardiac output; increases lung volume; and 
decreases venous return (Fig. 1) [5]. 
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Fig. 1 Positive effects of 
CPAP [5] 
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Indications and Contraindications 


According to literature data, the main indications for CPAP are chronic obstructive 
pulmonary disease (COPD) including emphysema, chronic bronchitis, and asthma, 
congestive heart failure, blunt chest wall trauma including flail chest, acute bronchi- 
tis, and pneumonia secondary to bacterial, viral, or fungal causes, toxic inhalations 
(i.e., chlorine), near-drowning (with signs of pulmonary edema), obstructive sleep 
apnea (OSA), patients with do-not-resuscitate status (advanced disease or terminal 
illnesses), and neonatal patients with respiratory distress. Special attention is paid to 
the use of CPAP in patients with OSA and asthma. The use of CPAP in these patients 
is unavoidable and represents the “gold standard” in their treatment. According to 
some authors, CPAP can improve both daytime and nighttime peak expiratory flow 
rates (PEFR) in patients with concomitant OSA and asthma. Contraindications are 
numerous, and the most important of them are as follows: (1) Absolute—respiratory 
arrest, coma, cardiac arrest, or any condition requiring immediate intubation, and 
(2) relative—gastrointestinal bleeding with intractable emesis and/or uncontrollable 
bleeding, shock with the need for pressure support and ventricular dysrhythmias, 
status epilepticus, inability to protect airway with impaired cough or swallowing, 
the potential for upper airway obstruction, anaphylaxis, external masses compress- 
ing the airway, etc. [6, 7]. 


Equipment and Mask Interface 
CPAP therapy is delivered using a machine specially designed to deliver a flow of 
constant pressure. Components of a CPAP machine include an interface for deliver- 


ing CPAP as follows: 


e Nasal CPAP refers to a small mask that fits over the nose or nasal prongs that fit 
directly into the nostrils. 
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¢ Nasopharyngeal CPAP is administered via a nasopharyngeal tube, an airway 
placed through the nose whose tip terminates in the nasopharynx; this is an 
advantage because CPAP is delivered more distally. 

¢ CPAP via face mask, a full face mask, is placed over the nose and mouth. It is 
recommended for use in patients who are mouth breathers or for pre-oxygenation 
in spontaneously breathing patients before intubation. 


Other parts of the machine are a tube that connects the mask to the machine’s 
motor, a motor that blows air into the tube, an air filter to purify the air entering the 
nose, and straps to position the mask. It should also be noted that for neonates and 
infants, a special modality known as Bubble CPAP is used, in which the pressure in 
the circuit is maintained by immersing the distal end of the expiratory tubing in 
water [8, 9]. 


Clinical Significance 


Benefits include less daytime tiredness, improved sleep quality, and reduced or 
eliminated snoring in people with OSA. Lowers blood pressure and improves pul- 
monary hypertension while improving focus and memory and cognitive function. It 
is safe for use in both adults and children [4, 10]. 


Conclusion 


The CPAP system had proved to be very useful for both adults and children. Its use 
is especially important in patients with OSA, where it is the “gold standard” in treat- 
ment. It improves sleep, cognitive functions, concentration, and memory, reduces 
snoring, lowers blood pressure, and improves the quality of life of patients needing 
CPAP. In the future, it is necessary to examine whether there are any other diseases 
or conditions in which it could be successfully applied. 


Key Recommendations 

e The CPAP system is one of the modalities of NIV, and its use has been 
recorded since the 1970s. 

e It shows many physiological effects; some of them are as follows: positive 
intrathoracic pressure, positive airway pressure, increased lung volume, 
decreased afterload, increased cardiac output, decreased venous return, 
and splinting of the airway. 

e It presents the “gold standard” in patients diagnosed with OSA. 

e Its benefits are reflected in improved sleep, cognitive functions, concentra- 
tion, and memory, reduced snoring, and blood pressure. 
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Introduction 


Interface is a defining element that differentiates noninvasive ventilation (NIV) 
from invasive mechanical ventilation. NIV interface is a device that bridges between 
ventilator’s circuit conduit and patient’s face. By definition, NIV uses a noninvasive 
interface to deliver positive pressure ventilation. An appropriate selection of inter- 
face is crucial for the success of NIV. 

NIV is an early choice of treatment option in acute respiratory failure in pandem- 
ics and high-risk pulmonary infections—COVID-19, severe acute respiratory syn- 
drome (SARS), influenza A (H1N1), avian influenza (HS5N1), COVID-19, varicella, 
and tuberculosis to support the respiratory failure [1-3]. Numerous NIV interfaces 
are available in the market; however, careful choice and selection are required to 
prevent droplet generation and prevent contagious disease transmission from 
infected person to healthcare personnel during high-risk infections, mass casualties, 
and pandemics. This chapter provides a broad outline of interfaces in these scenar- 
ios to maximize the NIV success with minimal negative effects. 


General Features of NIV Interface/Interface Choice Based 
on Type of Ventilator 


Of the various interfaces commercially available, it is important to note the distinct 
concerns of vented masks versus non-vented masks. 


Vented Mask 


This is used in a single-limb circuit as shown in Fig. la, which has only one-limb 
serving as inspiratory limb. This system requires intentional leaks for exhalation. 
Single circuits are open circuits, and exhalation occurs through either side of masks 
or through vents/ports in the mask as in Fig. 2a. 


Non-vented Mask 


This is used in a double-limb circuit which has an inspiratory and expiratory limb. 
The second limb in the circuit connected to exhalation port serves for exhalation of 
gases. These types of devices do not require vented ports. Figure 1b shows the 
double-limb circuit connection, and Fig. 2b shows the non-vented interface. If a 
non-vented mask is to be used in a single-limb circuit, the exhalation can be aided 
through an additional exhalation port in the circuit as shown in Fig. 3. 
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Fig. 1 (a) Single-limb circuit of noninvasive ventilator. (b) Dual-limb circuit of nonivasive 
ventilator 
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Fig. 2 (a) Vented mask with exhalation ports. (b) Non-vented mask 
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Fig. 3 Single-limb circuit 
connected to non-vented 
mask with exhalation port 


Nonvented 
mask 


Filter 


Exhalation port 


NIV Interface and Potential Aerosol Production 


NIV delivered through either a vented or a non-vented interface has a potential for 
infected aerosol production which can pose risk to healthcare workers (HCW) and 
can be highly contagious [4]. In an experimental test conducted to study the disper- 
sal of air and particles, it was found that vented mask generated large dispersal 
plumes to a distance of about 65 cm, and in a well-fitted non-vented mask, the dis- 
persal or leakage plumes were limited to around patient’s head and nose [5]. During 
SARS pandemic, NIV was found to be associated with higher HCW infection [6]. 
Leakage around the mask or improper size of mask can also contribute to substan- 
tial increase in droplet generation. In order to prevent this, interface selection plays 
a very crucial role in NIV. 
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Requisite for Ideal NIV Interface During High-Risk 
Airborne Infections 


¢ It must be a non-vented system. 

¢ In the case of single-limb circuit, a non-vented mask with exhalation port must 
be used. It is recommended that an additional filter is placed before the exhala- 
tion port. 

e The interface must be ventilator compatible, without air leaks and comfortable 
to user. 

e The mask size must be appropriate to prevent leakage. 

e There should be minimal resistance offered to airflow and minimal dead space. 

¢ It should have an ability to entrain (insufflate) oxygen. 

e The securing method should be easy and provide good cushion to avoid pressure 
sores and trauma to the patient. 


Types of Interfaces for NIV in High-Risk Infection Mass 
Casualties and Pandemics 


NIV interfaces currently available include nasal mask, nasal pillow, orofacial/face 
mask, full-face mask, and the helmet with each having advantages and disadvan- 
tages over the other. Of these, the recommended interface (as per preference) during 
high-risk airborne infection is as follows [7, 8]: 


e Total face mask or full-face mask, non-vented 
¢ Helmet (with air cushion, if available) if full-face mask is not available 
e Face mask or orofacial mask (least preferred), non-vented system 


Caution: Vented mask with ports on the mask should NOT be used. 
The description of these interfaces is described below. 


Total Face Mask or Full-Face Mask 


This mask covers the entire face including the eyes as in Fig. 4. The leakage from 
the nasal bridge can be minimized. Total face masks have a soft cushion that has 
higher comfort level and contours to the face and reduces the pressure over the face. 
When compared to the oronasal mask (face mask), there was no difference between 
the two in terms of effectiveness, comfort, and performance [9, 10]. Total face 
masks are considered to be the first choice in treating patients with high-risk air- 
borne infections because of good seal and minimum droplet dispersion [11]. 
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Fig. 4 Total face mask or 
full-face mask. 
(Reproduced with 
permission from Nancy 
International Ltd 
Subsidiary AME 
Publishing Company, Ann 
Transl Med 2018; 

6(18): 355) 


Helmets 


They are cylindrical and transparent casings that adhere to neck as in Fig. 5. Helmet 
provides sealed connection and maximal tightness [11]. It provides greater comfort 
and reduces interface-related complications with better patient tolerance. A system- 
atic review and meta-analysis comparing helmet with other NIV interface reported 
that the overall hospital mortality, intubation rates, and interface-related complica- 
tions are lower in helmet interface compared to other interfaces [12]. There is a 
concern about carbon dioxide rebreathing in helmet NIV, and hence, higher flows 
have to be set. A well-trained team is required while using this interface to monitor 
the volumes and prevent asphyxia [11]. 


Standard Face Mask/Oronasal Mask 


These masks cover the patient’s nose and mouth extending from nasal bridge to the 
chin shown in Fig. 2b. Appropriate mask size selection is important as per the manu- 
facturer’s design. These masks are commonly used in acute respiratory and chronic 
respiratory failure, but in the case of high-risk infections, pandemics, and mass 
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Fig. 5 Helmet interface. 
(Reproduced with 
permission from Springer 
Nature Intensive Care Med 
2009; 35: 1420-1427) 


casualties, they can cause leakage around the mask if not appropriately fixed lead- 
ing to contamination of the nearby surrounding by the droplets. Only non-vented 
masks are recommended in high-risk cases, and an expiratory filter has to be con- 
nected at the site of exhalation of gases. This prevents spread of infection. 

Other interfaces are not described as they are out of scope of this chapter. It is 
important to note that not all the interfaces can be used in treating patients with 
high-risk infections. 


Prevention and Management of Interface-Related 
Complications During High-Risk Airborne Infections 


Air Leaks 


These are most common during NIV, and they are two types: intentional and unin- 
tentional. In high-risk infections, intentional leaks should occur only distal to the 
filter. To prevent air leaks, an appropriate size interface has to be selected and tight 
seal has to be achieved. The air leaks can cause other issues such as eye irritation 
and noise [13]. 


Facial Skin Irritation or Pressure Sores 


This is one of the iatrogenic complications of NIV. Consequent to the excessive air 
pressure, ulcers can occur over nasal bridge, chin, or sides of nose. This can be 
minimized by selecting appropriate interface such as full-face mask or helmet inter- 
face [14]. Good quality masks with standard cushions can help reduce the pres- 
sure ulcers. 
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Oral or Nasal Dryness 


This is due to inhaling dry air with high flows and pressures. This can be minimized 
by using total face masks or helmets. The use of humidifiers can be considered with 
caution because of droplet generation and dispersion. 


Interface and Patient-Ventilator Asynchrony 


Patient-ventilator asynchrony occurs due to several reasons, and the interface is the 
most common. This asynchrony occurs more in helmets because of the structure 
and upward displacement and elevated internal compressible volume. Any asyn- 
chrony leads to increased work of breathing and failure of NIV treatment [14]. 
Leaks around the mask can use double triggering, and hence, appropriate interface 
selection is most important. 


Conclusion 


NIV is a droplet-generating device, and hence, its use in high-risk infections and 
pandemics creates concerns related to infection control and protection of 
HCW. Utmost care has to be taken during the selection of interface and circuit as 
they bridge between the patient and the device. A double-limb or a closed circuit is 
always preferred than a single- or open-limb circuit. Non-vented interfaces should 
be used to prevent droplet dispersion. Disconnection of the patient-ventilator sys- 
tem must be minimized as much as possible. The use of filter at exhalation site can 
help reduce the environmental contamination. HCW caring for a patient receiving 
NIV must strictly adhere to infection control protocols and use personal protective 
equipment as per policy. 
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SARS Severe acute respiratory syndrome 
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2 
WHO World Health Organization 

Introduction 


Noninvasive mechanical ventilation (NIV) is a well-known and effective respiratory 
therapy device in patients with acute or acute-on-chronic respiratory failure. Also, 
NIV prevents patients from invasive mechanical ventilation and improves survival 
[1]. Various interfaces for NIV are available because of the large spectrum of ana- 
tomical variations of the human face. Additionally, these interfaces are available to 
meet the demands of the clinician in order to manage changing conditions, such as 
preventing NIV failure, enhancing patient compliance and comfort, treating pres- 
sure ulcers due to masks, needing bronchoscopic interventions, or requiring the 
insertion of a nasogastric tube while NIV therapy is in progress. 

Leakages and exhalation valves of NIV masks (nasal, oronasal, and face masks) 
are sources of aerosol droplets [2, 3]. In 2013, Esquinas et al. published a review 
about NIV in high-risk pulmonary infections. There was a paragraph foreseeing the 
future which we are already in. In addition to implementing the other measures, 
Esquinas et al. recommended using a helmet interface during NIV to reduce aerosol 
particles in the room air [4]. 


History of Helmet Interface 


The first two papers published in English literature were from Italy and France, 
2002 and 2003, respectively. Scandroglio et al. introduced the helmet interface and 
recommended it. Also, the authors pointed out air leakage was comparable [5]. 
Tonnelier et al. published the first pilot study. In the setting of acute hypoxemic 
respiratory failure, continuous positive airway pressure (CPAP) is delivered by a 
“new” helmet interface. The authors suggested that a helmet is an efficient alterna- 
tive to a standard face mask. Also, with a helmet, air leaks were minimized [6]. 
These data support the decrease of aerosol droplets with this interface. Additional 
studies were published, and pressure support ventilation (PSV) mode was added to 
CPAP via helmet [7]. 


Bench Studies of Helmet Interface 


Chiumello et al. design a bench study and compared small and large helmet inter- 
faces with face masks (oronasal masks) in 2003. They found that with low flow 
CPAP helmets were superior, but with the high flow, there was no significant differ- 
ence between face masks and helmets. Also, they mentioned some advantages of 
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helmets [8]. In the same year, Pelosi et al. published their bench study and they 
reported that pressure support with high- and low-volume helmets both reduced the 
work of breathing significantly [7]. In contrast with these studies, Patout et al. pub- 
lished a bench study in 2021 and they found that using a dual limb circuit, the oro- 
nasal mask had performed the best performance, while the helmet interface had 
performed the worst [9]. 


Helmet Interface in Pandemics 
Severe Acute Respiratory Syndrome (SARS-CoV, 2002-2003) 


A coronavirus (SARS-CoV) outbreak appeared which world health organization 
(WHO) announced a global alert about a new infectious disease on March 12, 2003 
[10]. SARS was a prototype of the disease caused by a coronavirus. Serious respira- 
tory failure was reported, and NIV was used to treat patients [4]. There is no data 
about helmet interface usage during NIV therapies. 


Influenza A Virus (H1N1, 2009-2010) 


WHO declared a public health emergency of international concern on April 25, 
2009, because of the swine influenza A (H1N1) virus [10]. Viral pneumonia and 
serious respiratory failure were reported, and NIV was not advised to treat respira- 
tory failure by international guidelines [4]. There was only one published study 
regarding NIV and helmet interface. The authors confirmed the effectiveness of 
helmet CPAP in acute respiratory failure. The patients were confirmed HIN1 diag- 
nosis with pneumonia and developed hypoxemic acute respiratory failure (hARF) 
enrolled in the study. The practitioners ordered helmet CPAP for 3 patients. All 
patients survived and were discharged from the hospital. The authors concluded that 
the use of NIV (and particularly CPAP with the helmet system) in selected cases 
will be an option for the “future pandemics” [11]. 


Middle East Respiratory Syndrome (MERS-CoV, 2012) 


The Middle East respiratory syndrome-related coronavirus disease (MERS-CoV) 
was first reported in June 2012 in Jeddah, Saudi Arabia [10]. Like COVID-19, 
MERS patients had the asymptomatic disease to severe viral pneumonia leading to 
acute respiratory distress syndrome (ARDS) but with higher mortality rates. Because 
of the significant failure rates and the possibility of aerosol formation, WHO clini- 
cal management interim guidance stated to use NIV only in chosen patients. 
Alraddadi et al. published the only study, a multicenter retrospective cohort, includ- 
ing 302 critically ill MERS patients. One hundred and five patients received NIV, 
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and NIV failure rate was 92.4%. In this study, the helmet interface was never used 
for any patient [12]. 


Coronavirus Disease 2019/COVID-19 (SARS-CoV-2, 2019) 


On March 11, 2020, coronavirus disease 2019 (COVID-19) was declared as a global 
pandemic by the World Health Organization (WHO). Severe acute respiratory syn- 
drome coronavirus 2 (SARS-CoV-2) infection, known as COVID-19 pandemic, can 
cause various clinical conditions from asymptomatic infection to severe viral pneu- 
monia and cytokine storm and life-threatening ARDS. Globally, as of 2:08pm 
CEST, April 11, 2021, there have been 134,957,021 confirmed cases of COVID-19, 
including 2,918,752 deaths, reported to WHO [13]. 

According to the Pubmed literature search, the first paper mentioned helmet 
interface in treating COVID-19 patients was published on March 27, 2020, from 
Italy. Ferioli et al. prepared an evidence-based recommendation, and the European 
Respiratory Society official journal made it available for all of us. The authors stated 
that NIV via a helmet equipped with an inflatable neck cushion and CPAP via an 
oronasal mask allows minimum room air contamination. The authors suggested that 
the helmet mask has the lowest risk of aerosol droplet dissemination if the helmet 
has an inflatable neck cushion [14]. 

The second paper mentioned helmet interface in treating COVID-19 patients was 
published by Radovanovic et al. on April 22, 2020, from Italy. Radovanovic et al. 
prepared a proposal 1 month after COVID-19 started in Italy which affected the 
population very fast, and the healthcare system was under a burden. The authors 
expressed the advantages of the helmet interface according to the pre-existing rele- 
vant literature. The helmet and the face mask decrease the work of breathing, and 
both decrease aerosol droplets and room air contamination. Additionally, the helmet 
CPAP improves hypoxemia and decreases the rate of intubation due to hARF; with 
antiviral filters, helmet interface is found more reliable and safe for healthcare 
workers. The helmet provides more patient comfort, reduces skin pressure lesions, 
and allows oral intake. They concluded that helmet CPAP had better tolerability and 
reduced room air contamination compared with oronasal masks. Also, the helmet 
interface provides more safety for healthcare workers [15]. Because of relatively 
high viral transmission rates and more mortality rates among healthcare workers, 
safety issues had become more important during the COVID-19 pandemic. 


Key Major Recommendations 

e The CPAP with a helmet interface reduces the work of breathing and 
improves hypoxemia. 

e The helmet interface has the lowest risk of aerosol droplet dissemination if 
the helmet has an inflatable neck cushion and viral filters. 

e The helmet interface provides more patient comfort, reduces skin pressure 
lesions, and allows oral intake. 
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Introduction 


Human airway is endowed with natural humidification process which begins in the 
nasal mucosa and continues throughout the airway; it is just like an air conditioner heat- 
ing and humidifying the inhaled air [1]. When a patient needs an artificial airway such 
as an endotracheal tube, the physiological mechanisms of filtration, humidification, and 
warming of inspired air are bypassed [2]. The humidification of delivered air is essential 
for all patients who are mechanically ventilated. Noninvasive ventilation (NIV) is the 
delivering of dry and cold air through the upper airway which also results in dryness of 
the mucosa and respiratory dysfunction, thus resulting in decreased compliance [3]. In 
addition, the leakage compensation during NIV creates high flow throughout the respi- 
ratory cycle, which also contributes to the loss of heat and humidity [4]. 

Currently, NIV is the standard of care in the treatment of acute exacerbation of 
chronic obstructive pulmonary disease (COPD), acute cardiogenic pulmonary 
edema (CPE), and immunocompromised patients [5] Furthermore, NIV is available 
for home use for patients with sleep-related breathing disorders and chronic respira- 
tory failure. NIV, which started to be used in emergency and ICU, is now being used 
in wards and even in transport resulting in reduced workload on ever-burdening 
ICUs [5]. Its increasing familiarity amongst healthcare workers has stretched its 
reach in poor resource setups too where intubation and mechanical ventilation are 
not available. More so, in pandemic or when a number of cases are more than 
expected like during mass casualty, it helps in tiding over acute phase and reduces 
stress on intensivists and ICUs. In COVID-19, already stressed healthcare was bur- 
dened. The key to strengthening the failing healthcare was compliance with NIV 
which was made possible through the use of humidification. However, the use of 
aerosol therapy was a topic of debate as some reports suggested that it may lead to 
an increase in cross-infection, while others found no such increase [6-8]. 
Humidification during NIV has been debated over last 10 years, while one group 
says it does not help or results in aerosolization of microbes resulting in infection 
spread concerns, the other says it helps in better tolerance and compliance which 
happen to be cornerstone of success of NIV. 


Physiological Concepts 


Inadequate humidification 
results in the following: 


Increase nasal airway resistance 


Impaired mucociliary clearance 


Nasal congestion 


Frequent removals, thus 
affecting efficacy 


Discomfort 


Decreased compliance 
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Under normal respiration, the humidity in the trachea can range from 36 to 
40 mg/L and the optimal required moisture below the carina is 44 mg/L (100% rela- 
tive humidity [RH] at 37 °C). Humidity level is between 33 and 44 mg H,O/L, and 
gas temperature is between 34 °C and 41 °C with a RH of 100%. Exposure to 
humidity levels below 25 mg H,O/L for one hour, or 30 mg/L for 24 hours or more, 
has been linked to airway mucosal dysfunction. In case the temperature of inspired 
air exceeds 37°C, it may lead to similar consequences [9-11]. 

In 2009, Lellouche et al. studied the hygrometry during NIV by comparing the 
use of heated humidification, HME, and no humidification during its use in 
healthy volunteers. Despite the unidirectional flow present in a single-limb cir- 
cuit, the results of the study were somewhat unexpected. Under standard breath- 
ing conditions without any significant leakage, the HME provided nearly 
30 mg H,O/L of humidification. But the value declined to 30% in the presence of 
a mask leak, which is a common during NIV administration. Even when the pres- 
ence of leaks resulted in AH levels of 15 mg H,O/L, no differences in patient 
tolerance were detected. When delivering NIV with no humidification, the abso- 
lute humidity was only 5 mg H,O/L, resulting in significant reduction in patient 
tolerance. But this study utilized healthy test subjects and examined subjective 
comfort levels, as opposed to the airway concerns particularly valid for treating 
patients with pulmonary disease [12]. But it showed participants were more com- 
fortable, hence more tolerant when humidification was used. Projecting it in 
patients, we can believe where minute ventilation is even higher humidification 
plays important role in tolerance. 

Although bench studies have been conducted on the effects of humidifica- 
tion, Mondal et al. conducted a pilot randomized cross-over trial in 2020 to 
examine the practical effects of humidification during NIV. The study found that 
external heated humidification had a limited impact on various clinical out- 
comes, including gas exchange, health-related quality of life, and NIV adher- 
ence. Moreover, external humidification had a negative impact on ventilator 
pressure delivery. [13]. 


Humidification Devices 


Majorly, there are two main types of devices which can be used for humidification: 
heated humidifier (HH) and heat-and-moisture exchanger (HME), used for both 
short- and long-term NIV [4]. In HH, air when passes over the surface of a heated 
water reservoir attached to the ventilator gets heated and humidified. Often, system 
has a heated wire running in the inspiratory limb of the circuit to prevent cooling 
and condensation of the air. While HME is usually placed between the Y-piece and 
the interface, passive humidification of air passively occurs by one’s own expired 
heat and moisture and returning during inspiration. Both types of these devices can 
result in some complications. HH may lead to electrical shock, thermal injury, 
hypothermia/hyperthermia, inadvertent overfill ling, or pooled condensate with a 
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risk of improper ventilator performance and nosocomial infection. HME can get 
clogged and interfere ventilation [11-13]. 


Humidification Settings 


Humidity and temperatures during NIV should be set based on patient comfort/tol- 
erance, adherence, and underlying pulmonary condition. Comfort measures can 
vary, especially in patients with ARF using a longer duration of NIV. Humidifiers 
(HME and HH) had comparable performances (25-30 mg H,O/L), which is ade- 
quate. Based on ratings of respiratory discomfort, it was suggested that the minimal 
level of AH required during NIV was 15 mg H,O/L. Recommendations for mini- 
mum acceptable levels at the nose and mouth during NIV range from 20 to 22 °C 
with a relative humidity (RH) of 50% and an AH of 10 mg H,O/L, with patient 
comfort being achieved typically at temperatures of 25-30 °C and an AH of at least 
15 mg H,O/L [10, 12-15]. 


Factors That Effect Humidification 


Ambient temperature 


Type of ventilator 

Type of interface 

NIV setting: FiO,, IPAP, and EPAP 
Presence of leak 


Day |) Gop 


Minute ventilation 


Conditioning during NIV is influenced by multiple factors, such as ambient 
temperature, type of ventilator, type of interface, and NIV settings including FiO,, 
IPAP, EPAP, presence of leak, and minute ventilation. These factors are major 
contributors to the effectiveness of humidification while ventilating via NIV. Higher 
ambient air temperature prevents the gas from cooling in the circuitry between the 
ventilator output and the humidification chamber (which is common in intensive 
care units without air conditioning), inspired gas humidification is extremely 
poor, suggesting a high risk of endotracheal tube occlusion, and the heated wire 
humidifier should be avoided in these situations [12]. Ventilator type is another 
important factor, as intensive care unit (ICU) ventilators, obtaining dry medical 
gas from pipes, provide lower levels of humidity than home ventilators, using 
compressed room air. The type of interface is another determining factor; nasal 
masks are associated with reduced when compared to oronasal masks. 
Humidification during delivery by helmet may be less necessary, because of the 
mixture of inspired ambient air with expired humidified gas in a relatively larger 
inner space. For higher FiO, (>0.50), AH reduces by half to an unacceptable level 
of 9.7 mg H,O/L, because of the greater proportion of anhydrous dry medical gas 
in inspired air. Increased IPAP and high-flow rates (up to 90 L/min) can lead to 
inadequate humidification even with humidifiers. Unintentional leaks through 


Humidification and Aerosol Therapy During Non-Invasive Ventilation 129 


mouth or at the periphery of the mask can cause unidirectional airflow, resulting 
in continuous decrease in absolute humidity (AH) (i.e., the total water present in 
the gas) of air in airways with increased nasal airway resistance, as explained 
above [16, 17]. 


Infection Control 


Reusable HHs should undergo high-level disinfection between patients. Proper 
asepsis should be observed when manually filling the water reservoir. Sterile water 
should be used [3, 8-10]. 

When using a closed automatic feed system, the unused portion of water in the 
reservoir remains sterile and need not be changed if the patient circuit is changed. 
Circuit should be changed only if it is visibly soiled or is nonfunctional. However, 
the system should be used for single patient only. Condensation in the circuit should 
be considered infectious waste and disposed of according to hospital policy, using 
strict universal precautions. 

It should be taken care that condensation should never be drained back into the 
humidifier reservoir. 

Passive humidifiers do not need to be changed daily for reasons of infection con- 
trol or technical performance [18-20]. 


Pressure Ulcer 


Regular masks are made of occlusive materials such as plastic, but such materials 
can block normal transepidermal water loss. Increased humidity has been shown to 
lead to maceration and increased skin fragility. Moisture increases the effects of 
friction of the skin and makes it more vulnerable. According to Bates-Jensen et al., 
excessive skin moisture was responsible for severe pressure ulcers (Type ID. Skin 
microclimate changes when the skin humidity increases and skin temperature 
increases, and absorbency of interface skin contact increases the risk of superficial 
pressure ulcers. 

Regular assessments of the condition of the facial skin every 2—4 h and training 
courses for the staff are crucial to prevent and manage these skin lesions. Proper 
interface selection, awareness of patient-related risk factors, and accurate judgment 
and assessment are essential factors in the prevention of facial skin pressure ulcers 
[20-22]. 


Aerosol Delivery 


Substantial evidence supports the dramatic reduction of aerosol delivery in humidi- 
fied conditions. Thus, conditions that facilitate the accumulation of condensate in 
the ventilator circuit and the spacer may adversely affect aerosol lung delivery and 
patients’ clinical response to aerosol therapy. When using passive humidification on 
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patients requiring frequent aerosol treatments, it is imperative that the HME is 
equipped with a “bypass” option to optimize aerosol drug delivery and avoid the 
potential for increased airway resistance associated with a saturated HME. 


Conclusion 


The utilization of NIV can lead to detrimental effects on airway mucosa, especially 
in patients with mouth leaks, receiving dry air by ICU ventilators, dry medical gas 
from pipes or high inspiratory flows and leaks. There is still no recommendation for 
routine use of supplemental humidification in all patients receiving NIV. It may 
improve compliance and adherence, but still there are concerns over its definitive 
role. It has issues predisposing to pressure ulcers and decrease aerosol delivery. 
They increase dead space (HH), and work of breathing (HME) can lead to hyper- 
capnia. However, based on latest literature, the use of HME (ideally with a low dead 
space) seems to be acceptable as they improve tolerance and compliance, but vigi- 
lance is of utmost importance. 


Aerosol Therapy 


Introduction 

NIV has been cornerstone of acute exacerbation of hypercapnic respiratory failure. 
The most common causes have often been chronic obstructive pulmonary disease 
and asthma. Aerosol therapy is required in these scenarios, while it can be for bron- 
chodilatation or as antibiotics. Many patients with obstructive airway diseases 
require ventilatory support during episodes of exacerbations of their disease. All 
such patients require inhaled bronchodilator therapy. Aerosol therapy refers to the 
delivery of a drug to the body via the airways in an aerosolized form. An aerosol is 
a stable suspension of solid or liquid particles dispersed in air as a fine mist. There 
are various factors that determine the delivery like where the device is placed gen- 
erating aerosols or what kind of device or if humidification has any effect. 


Types of Aerosol Therapy 

The mechanism of aerosol generation mainly affects the total aerosol production 
and its aerodynamic characteristics. There are mainly three classes of aerosol gen- 
erators: pressurized metered-dose inhalers (pMDIs) with or without a spacer, dry 
powder inhalers (DPIs), and nebulizers [3, 18, 23-25]. 


Jet 
Feature nebulizers Ultrasonic nebulizers | Mesh nebulizers | pMDIs 
Mechanism Bernoulli Cavitation and Micropumping Propellant 
effect capillary mechanism | action mechanism 
Duration 5-10 min 5-10 min 5-10 min Quick 
Portable No No Yes Yes 


Noise level Noisy Silent Silent Silent 
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Jet 
Feature nebulizers Ultrasonic nebulizers | Mesh nebulizers | pMDIs 
Residual volume | High Low Low NA 
Fill volume 4-5 mL 8-10 mL 6-10 mL NA 
Performance High Low Low Low 
variation 
Dose delivery High High High Low 
Output rate Low High High High 
Contamination Yes Yes Yes No 
Cost Medium High High Low 


Factors Determining the Delivery 


There are various factors that affect delivery of aerosolized desired medicine when 
given. It is proven there is a decrease in aerosol delivery during noninvasive ventila- 
tion as compared to during spontaneous breathing ones [26]. The effect of aerosol 
delivery has been studied both in bench studies and human trials. It was found that 
CPAP significantly reduced the total aerosol delivery to the face mask from 6.85% to 
1.3% of the nebulizer charge. However, the bronchodilator response was not affected 
when CPAP was delivered through the face mask [27]. Disease severity does not 
seem to have any effect on deposition. Available evidence supports that aerosol can 
be delivered effectively during NIV, so it is not necessary to discontinue NIV for 
aerosol administration. For acute asthma, there may be an additive effect of the 
mechanical bronchodilation properties of NIV and the effects of inhaled bronchodi- 
lators [27, 28]. 

Patient position: Spontaneously breathing patients are in a sitting position during 
aerosol inhalation via NIV, while acutely exacerbated patients should be maintained 
in semi-recumbent position to minimize aspiration of gastric contents associated 
with the supine position. The semi-recumbent position could produce a significant 
bronchodilator response [24]. 


Optimum Position of Device 

Optimum nebulizer position between the leak port and the patient connection and at 
ventilator settings with high inspiratory and low expiratory pressures as much as 
25% dose can be made available to the patient during NIV [28]. Greater drug deliv- 
ery was observed with the nebulizer placed proximally to the mask than when 
placed before the humidifier in single-circuit noninvasive ventilators. 


Device 

More aerosolized drug was delivered with the nebulizer than with the pMDI. The 
amount of drug delivered was greater for the mesh nebulizer than the jet nebulizer 
due to a smaller dead volume in the mesh device. The efficiency of delivery (percent 
delivered) was similar for the nebulizer and the pMDI with the leak port in the cir- 
cuit, but was better with the pMDI with the leak port in the mask, and it is to be 
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noted that drug delivery was significantly less when the MDI was actuated during 
exhalation [25, 29]. 


Ventilator Settings 

Spontaneous modes of ventilation are strongly recommended as they have better 
aerosol delivery and higher synchronization between the patient and the ventilator. 
If continuous positive air pressure (CPAP) and controlled ventilation modes are 
compared, CPAP increases the delivered dose by about 30% higher than that of 
controlled modes at the same tidal volume, while in control modes pressure- 
controlled mode is better than volume-controlled mode as it can deliver more con- 
sistent respiratory support even with the presence of variable air leaks within the 
NIV circuit; in addition, pressure-controlled mode showed higher aerosol delivery 
from nebulizers than the volume-controlled mode in highly resistant and compliant 
patients, while both showed equal aerosol delivery from a pMDI within the ventila- 
tion circuit [30, 31]. 


Nebulization Mode 

In most of the new ventilators, they have mode like intermittent nebulization mode 
where nebulization is synchronized with inspiration. These modes provide better 
aerosol delivery when compared with continuous nebulization due to minimum 
aerosol loss during the exhalation phase [25]. 


Humidification and Aerosol Delivery 


The type of humidification system at times determines the aerosol drug delivery and 
lung deposition. Optimal position and drug also have part to play in it. Aerosol 
administration may require interruptions in mechanical ventilation, which are detri- 
mental to the patient. At times to maintain circuit integrity over the course of the 
prescribed aerosol therapy, a one-way valve T-piece adapter or a pMDI spacer is 
routinely placed in the circuit. But there is a tendency that moisture generated from 
HH accumulates in the spacer reducing delivery further. 

High relative humidity and temperature within the ventilator circuit are associ- 
ated with 40-50% reductions in lung deposition with in vitro adult models and up 
to 85% with in vitro pediatric models [29-31]. This massive reduction in aerosol 
delivery during humidification can be prevented by turning off the HH before 
administering the aerosol treatment. 


Conclusion 


Aerosol therapy is a major determinant of delivering bronchodilators and inhaled 
antibiotics. There are various factors that affect aerosol delivery through NIV which 
necessitates adjustments in some situations to ensure optimum aerosol delivery to 
critically ill patients. It is pertinent to be aware of the type of delivery system and its 
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position, role of humidification, the type of interface used, and ventilator mode in 
NIV as these factors can affect drug delivery which is critical for the patients. 
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Noninvasive mechanical ventilation (NIV) methods have become quite common in 
intensive care units (ICUs) lately. NIV methods are aerosol-generating procedures 
(AGPs). This is critical as most of the respiratory tract infections such as COVID-19 
pneumonia are spread by the respiratory droplet transmission. As patients take 
respiratory care, all caregivers are at risk of contamination, which is usually a result 
of aerosol generation. Despite protection with adequate equipment, caregivers may 
be infected; which made the understanding of air and particle dispersion essential 
for clinicians. In this chapter, particle mechanics and particle dispersion in NIV 
methods will be discussed. 
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Aerosol, Particle, and Aerosol-Generating Procedures 


The terms “aerosol” and “particle” are usually confused. Aerosol is a suspension of 
fluid or solid particles or both in a carrier gas (i.e., air) [1, 2]. Under normal condi- 
tions (at room pressure and atmospheric pressure), this refers to particles smaller 
than 100 pm. Particles are very small matters, which can consist of solids, liquids, 
or both, and they can be of different origins such as bacteria, viruses, smoke, and 
dust. Particles in an aerosol can be arranged homogenously (monodisperse parti- 
cles) or heterogeneously (polydisperse particles). The size of the particles in an 
aerosol is important in terms of deposition and dispersion. Particles smaller than 
20 pm can form a droplet nuclei and may deposit in lower respiratory tract, while 
the particles larger than 20 pm can splash in the eyes or mouth and deposit in the 
upper respiratory tract [3-5]. Particles smaller than 5 pm remain longer in air and 
are associated with transmission [6, 7]. 

There are ways for droplet and droplet nuclei measurement, which can be listed 
as follows: 


. Microscopic observation [8] 

. Optical particle counting [9] 

. Aerodynamic particle counting [10] 

. Interferometric imaging [11] 

. Laser aerosol particle spectrophotometry [12]. 


AWN Re 


Definition of diameter varies by means of thermodynamics. The equivalent 
diameter is the diameter of the sphere (which is, in this case, aerosol) that shares one 
physical property with the particle (e.g., same mass, same settling velocity, same 
specific area). The equivalent diameter of the particles is important, especially in 
terms of aerodynamics. The mass equivalent diameter of a particle (dy) is defined as 
the diameter of the sphere with the same density and the same mass of the particle. 
The volume equivalent diameter (dy) is the diameter of the sphere with the same 
volume as the particle. The aerodynamic diameter of a particle, d,,, is defined as the 
diameter of a spherical particle having a standard density. 

Measurement of dynamics of aerosol and its particles is quite difficult. For solid 
matters, we know that the velocity and acceleration vector of the solid are shared by 
every particle in the matter [13]. But aerosols are fluids, which mean the particles do 
not share the same vectors, as it is in solids. Because of this situation, in order to 
make measurements easier, the term “fluid parcel” is used. 

Fluid parcel is a fluid unit that represents the whole fluid [13]. This unit can 
interact with other parcels, can change shape, and consists of numerous molecules. 
This definition depends on the “continuum mechanics.” In an aerosol, there are mil- 
lions of molecules, so it is assumed that there is no molecular space and all of the 
molecules are as one. To describe the motion of a fluid parcel, Euler method is 
widely used in continuum mechanics. Euler method depends on the Euler equa- 
tions. This equation was proposed by Leonhard Euler, a German mathematician, in 
1755, which explains the movement and coordination of a liquid by a quasilinear 
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hyperbolic equation and nowadays is used in computational fluid dynamic (CFD) 
calculations to determine the movements of fluids. Navier-Stokes equations, which 
were proposed by French engineer and physicist Claude—Louis Navier and Anglo- 
Irish physicist and mathematician George Stokes, can be used to model liquid mod- 
els like airflows and blood flow. Navier-Stokes equations are parabolic equations 
expressing conservation of momentum and mass. Those equations are used in the 
design of aircrafts and power stations and calculation of air pollution. They resem- 
ble Euler equation, but the difference is Navier-Stokes equations take the viscosity 
of liquid into account, while Euler equations model only inviscid flow. 

In terms of aerosol dispersion, knowing what is computational fluid dynamics is 
important. Computational fluid dynamics (CFD) is a branch integrating the disci- 
plines of fluid mechanics with mathematics and computer science [14]. The math- 
ematical equations concerning fluid dynamics are solved using computer 
programming languages. It is useful in studying fluid flow through numerical simu- 
lations involving computer programs or software packages. Computational simula- 
tions in CFD are done in many fluid engineering applications such as aerospace 
engineering, automotive engineering, biomedical engineering, and power engineer- 
ing. In practice, CFD permits the evaluation of alternative designs over a range of 
dimensionless parameters that may include the Reynolds number, Mach number, 
Rayleigh number, and flow orientation. By using this method, concerning respira- 
tory diseases, bronchial tree, and airflow in lungs can be simulated in 3D and both 
airflow in lungs and effect of inhaler drugs can be predicted. Recent publications 
concerning aerosol dispersion are also done by CFD. 

“Aerosol-generating procedures’ is a definition for procedures which may pro- 
duce aerosols and transmit diseases [15]. Those procedures can be classified into 
two groups in terms of formation mechanism: mechanically created procedures and 
inductionally created procedures [7]. Bronchoscopy, tracheal intubation, and spu- 
tum induction make the individual cough, which results in generation of aerosols. 
NIV methods, manual ventilation before intubation, and suctioning end up forcing 
or removing air from respiratory tract, which results in generation of aerosols in a 
different way (Table 1). 

Knowing how particles and aerosols are formed in respiratory system is also 
important. Droplets are often accumulated in their origin such as nasal mucosa, 
bronchus, oropharynx, tonsils, and larynx [16]. As airways are layered with mucus, 
so the particles are. The thickness of mucus may vary between 5 and 100 pm [17]. 
In order to particles to be aerosolized, the mucus should be unstable and let the 
droplets go with exhaled air. The factors this depends on can be listed as follows: 


1. The velocity of exhaled air 
2. Mucus quality (thickness, viscoelasticity, and surface tension of mucus) 


According to various studies, the peak velocities of coughing and breathing can 
be 6—22 m/s (>10 m/s on average) and 1—5 m/s [17]. While coughing and sneezing, 
there is a jet turbulent airflow, which can be up to 200 m/s while sneezing [18]. This 
jet flow overcomes the adhesion force between the droplet and mucus. But droplets 


138 B. Nizam and T. Utku 


Table 1 Aerosol-generating Aerosol-generating procedures 


procedures Intubation 


High-flow nasal oxygen 
therapy (HFNO) 

Bi-level positive airway 
pressure (BPAP) 
Continuous positive airway 
pressure (CPAP) 
High-frequency oscillation 
ventilation (HFOV) 
Airway suctioning 


Tracheostomy 


Chest physiotherapy 


Nebulization 


Sputum induction 


Bronchoscopy 


occur not only when we sneeze or cough, but also when we breathe normally. The 
terminal airways close in expiration and open in inspiration. During inhalation, col- 
lapsed airways open, which results in bronchiolar film rupture and droplet forma- 
tion combined with airflow [19, 20]. With the help of energy (airflow or mechanical 
energy), combined with overcoming of surface adhesion power of mucus, droplets 
are entrained by air and aerosol is formed [17]. A critical capillary number (Ca: 
pU/o, where yp is expressed as the dynamic viscosity of the liquid, U as axial speed 
of the air—liquid meniscus propagation, and o as the surface tension between the 
lining fluid and the air) was described, above which droplet formation may occur 
during normal breathing [21]. 

Droplets formed in expiration are spread out by both airflow formed by expira- 
tion and the airflow of the environment [22]. The main parameters of dispersion are 
speed of airflow and droplet size. Coughing generates a higher speed of air than that 
of talking. As a result, the particles travel farther in environment. It has been shown 
that the droplets formed while coughing may travel up to 1.5—2 m [23]. Droplet size 
is a very important determinant in dispersion. Larger droplets linger in air shorter 
than smaller ones and accumulate in the ground [7]. Small droplets evaporate 
quicker than larger ones, but can travel faster in air. Humidity is also another key 
role in viability of infectious matters in aerosols. Experiments have shown that com- 
pared to lower humidity, COVID-19 can be twice as stable as influenza at medium 
humidity (40-60%) and has longer viability in high humidity (68-88%) compared 
to lower humidity [24]. 

After formation, exposure to the infectious droplets happens in three ways as 
follows: by droplet-borne route (transmitted by medium or large droplets), by air- 
borne route (transmitted by aerosols in both short and long ranges), and by fomite 
route (via inanimate objects contaminated by droplets). 
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Turbulence of the air is important for clearance of the environment from the 
aerosol. Patient rooms should be negative pressure rooms [25] with minimum 12 air 
changes per hour [26-28]. As big droplets accumulate in the ground [29], the clean- 
ing of the environment is also important. 

Another determinant important in particle dispersion is particle adhesion to 
mucus. Particles can deposit in mucus in multiple ways [17] as follows: 


1. Internal impaction 

2. Settling 

3. Brownian motion of submicrometer particles 
4. Interception 


So changing the quality of mucus may affect the dispersion of particles [30]. In 
theory, this can be either by lowering the viscosity and enhancing surface tension 
and elasticity of mucus, or the opposite way. Second was tried; as in the first option, 
small particles still may be produced and be infectious, while in the second opinion 
the formed particles would be bigger ones and travel less than small ones. In mul- 
tiple studies, this method was tested by giving saline and it was observed that with 
saline there was a significant fall in a total account of particles [31, 32]. 


Aerosol Dispersion in NIMV 


Regarding the benefits, NIMV methods have been used frequently in intensive care 
units (ICUs). As healthcare givers use these methods more, the concerns about 
being infected arise. Various viruses and bacteria may spread via aerosol dispersion, 
and some of them may be viable for hours, i.e., COVID-19, which may be viable at 
least for 3 h [33]. As CFD technology developed, recent studies have been focused 
on aerosol dispersion in NIMV methods. In this part, commonly used NIMV modal- 
ities will be discussed. 


High-Flow Nasal Oxygen Therapy (HFNO) 


Being able to deliver heated and humidified gas up to 60 L/h between 21% and 
100% FiO, ranges, generating positive end-expiratory pressure (PEEP), and reduc- 
ing the need for intubation, HFNO is widely used in ICU. HFNO device consists of 
air—oxygen blender, water reservoir, humidifier, heating system, heating non- 
condensing circuit, and nasal cannula. As COVID-19 pandemic spread, the usage of 
HFNO became more common as a possible management device [34, 35], while 
concerns about transmission via HFNO arose. 

Applied with a surgical mask, the usage of HFNO is safer compared to conven- 
tional oxygen therapy and noninvasive ventilation masks enabling limited particle 
dispersion and trapping of infectious droplets by at least 80% [36, 37]. As higher 
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Fig. 1 Application of HFNO. The health givers must be sure that the cannula fits the nares of the 
patient well and the surgical mask covers the patient appropriately 


flow rate is associated with higher risk of aerosol dispersion; during HFNO, the 
nasal prongs of cannula should fit the nares and have a tight connection or there may 
be more aerosol dispersion compared to other modalities [36, 38, 39]. The usage of 
a surgical mask over HFNO cannula is also recommended (Fig. 1) [40]. 


Noninvasive Ventilation (NIV) via Masks 


Although being less popular among intensivists following a wide usage of HFNO, 
NIV modalities are still commonly used in ICU. NIV system consists of a mask 
(which can be a nasal mask, oronasal mask, helmet, or full-face mask), a circuit, and 
a ventilator unit. During ventilation, the leaks—which allow aerosol dispersion— 
can be originated from [41] the following: 


1. Mouth (if nasal mask is being used) 
2. Area where the face and the mask are contacted 
3. Intentional leak port of the mask 


In order to avoid airborne disease transmission, if accessible, the usage of a hel- 
met with air is recommended [42]. It is shown that the usage of a cushion around the 
neck decreases aerosol dispersion significantly [39, 43]. Full-face mask can be used 
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Fig.2 Application of NIV via full-face mask and oronasal mask. In order to avoid aerosol disper- 
sion, the fitting of the masks to the face is critical. The usage of filter also decreases aerosol disper- 
sion dramatically 


as the first alternative to helmet [42]. The mask should be non-vented, and the cir- 
cuit should obtain an exhalation port. A filter (HME) between the mask and the 
exhalation port must be placed in order to avoid transmission from intentional leaks 
[41, 43]. The changing of filter is advised every 24h in order to prevent any resis- 
tance due to over-moisturization. The usage of external humidification should be 
avoided. It was also shown that higher positive airway pressure values were related 
to higher risk of exhaled air dispersion rates (Fig. 2) [25, 39, 44, 45]. 


Bag-Valve-Mask Ventilation (BVMV) 


Being used frequently in ICU for emergency ventilation, bag-valve-mask ventila- 
tion (BVMV) is the standard method for enabling rescue ventilation rapidly. It con- 
sists of a self-inflating bag, a non-rebreathing valve which enables PEEP, and a face 
mask that suits the face. This ventilation modality is a subtype of noninvasive ven- 
tilation, and it has a risk of aerosol dispersion during ventilation. It has been shown 
that in order to avoid dispersion, a filter should be placed between the mask and the 
valve [46]. As fitting of the mask is an important determinant, the usage by more 
experienced healthcare staff is recommended. 
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Introduction 


The recent pandemic coronavirus disease 2019 (COVID-19) forced again the 
healthcare workers to think about the risk of dispersion of particles in relationship 
with the different modalities of aerosol-generating treatment that can contribute to 
their contamination. Despite some adaptations of these procedures, many health- 
care workers were contaminated during this pandemic as it was previously the case 
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during the SARS-CoV-1 or HIN1I pandemic. In case of such dispersion, some spe- 
cific precautions have to be used to reduce the exposure of the healthcare workers 
and to limit the transmission of potential infective organisms. This chapter high- 
lights the risks related to the dispersion of particles and the contamination of health- 
care workers even if the different settings of the rooms also influence the risk of 
transmission and have to be included in the considerations. Indeed, the concentra- 
tion of infective particles is determined by the volume of the room and its ventila- 
tion [1], the length of time of exposure, and the immunity status of the exposed 
healthcare workers. 


Rational 


The risk of contamination related to some treatment modalities comes from the 
potential aerosolization of particles. Indeed, saliva and mucous coating of the lungs 
generate droplets, mainly during sneezing or coughing. The smaller droplets that 
are the most contaminating because the size, come mainly from the lungs. They are 
so smaller than invisible to the eyes. Most of the respiratory droplets move depend- 
ently on the airflow. The released particles are potentially loaded with viruses or 
bacteria [2]. Moreover, patients suffering from infection produce a greater number 
of particles when coughing compared with healthy controls [3]. 

An airborne transmission occurs when infectious agents are carried by respira- 
tory particles and are able to reach the airways by inhalation. Indeed, the respiratory 
particles have by definition a diameter smaller than 5 tm and, even if it is a simpli- 
fication of multifactorial mechanisms contribution to the transport of particles, such 
sizes are in favor of lung penetration. These particles stay in suspension in the air 
because they are small enough and with a slow settle velocity to remain airborne for 
a prolonged time. In opposition to the droplet or contact transmissions (the two 
other modes of transmission), no direct contact is necessary between the generator 
and the receptor for airborne transmission and to potentially spread the virus and the 
disease. This airborne transmission increases with some therapeutics, which requires 
adaptations of these routine modalities of treatment even if the unsolved question is 
to know whether the virus identified in air samples corresponds to a viable and 
infective virus. Out of the intensive care units, the main therapeutics at risk of such 
a dispersion of particles and then airborne transmission of the virus are oxygen 
delivery, noninvasive ventilation (NIV), aerosol delivery, and airway clearance 
techniques. 

Some evidence suggests that different viruses such as Influenza A and SARS- 
CoV-1 and SARS-CoV-2 can be probably spread through aerosolized droplets 
released via patients’ exhalations, cough, or sneezing. Based on different elements 
such as the stability of the virus form at least 2 h in aerosol [4], the virus found in 
the ventilation systems in hospital rooms [5], the RNA found on extractor fan [6], 
and the abundance of ACE-2 receptor on the epithelium of the alveoli [7], it has 
been quickly speculated since the beginning of the pandemic that patients infected 
with SARS-COV-2 were able to produce aerosol loaded with infective particles. 
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Moreover, such airborne transmission was already demonstrated with other viruses 
(SARS-CoV-1 [8, 9], HIN1 [10], MERS-CoV [11], influenza A and B, parainflu- 
enza |, 2, and 3, and respiratory syncytial virus [12]). Even if no airborne transmis- 
sion was initially reported in an analysis of 75,465 COVID-19 cases in China [6], 
the WHO recognized that special aerosol precautions are required in hospital set- 
tings for reducing SARS-COV-2 transmission. In 2003, during the outbreak of 
SARS, the spread of the SARS-COV-1 after aerosolization was suggested to lead to 
a major nosocomial outbreak in a hospital [13]. Considerable arguments support 
also the airborne transmission of influenza A. 

In the light of the above, it seems important to consider the risk of dispersion of 
aerosolized particles in particular circumstances or settings, particularly during 
high-risk infections mass casualty. The persistence of the virus in respiratory sam- 
ples is important to be taken into account because it has been demonstrated to be 
proportional to the viral load and the severity of the disease [14]. 


Dispersion and Deposition into the Lungs 


The respiratory particles emitted by patients (speaking, coughing, sneezing, etc.) 
are generated by surface tension disruption either by open—close cycling of glottic 
structures or terminal bronchiole airways or by shearing forces caused by high- 
velocity gas flow. The understanding of the process of particle dispersion is impor- 
tant to detect the procedures presenting a risk of exposure for the healthcare workers. 
Indeed, the way of particles’ transport can explain the spread of a virus and it should 
determine the implementation of specific guidelines on the modalities of treatment 
during pandemic. For example, during the cough, the recording of the emitted par- 
ticles by the thin laser light sheet of near-constant intensity illuminating smoke 
particle markers showed that the dispersion of particles is influenced by the gas flow 
velocities which depend on the pattern of exhalation and by the size of the particles. 

The behavior of the exhaled particles results from the balance between the forces 
of gravity and the aerodynamic forces that act on these particles (Fig. 1). The size of 
the particle and the propelling flow regulate this balance. Indeed, for particles with 
greater size, the force of gravity overrides the aerodynamic forces and it reduces the 
floating effect (the time spent in the air) and thus the distance of particle dispersion. 
The distance of transmission is then inversely proportional to the size of the droplets 
and can reach many meters. When the airflow carrying the particle increases, the 
aerodynamic forces surpass the gravitational force, the particles remain suspended 
in the air, and they follow the airflow until several tens of minutes. Moreover, the 
small particles involved in airborne transmission are subject to diffusion process as 
described by Fick’s law. The lifetime of these particles in the air can be considerably 
extended by a factor of up to 1000. 

A polydispersed range of particles forms the cloud of respiratory particles, and a 
turbulent multiphase gas carries these particles. An angle and a distance of disper- 
sion are the two properties that characterize this cloud (Fig. 2). These properties 
change depending on various factors. The angle depends on the velocity of the 
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Fig. 1 Behavior of the exhaled particles 


Fig. 2 Angle and distance of respiratory particles dispersion 


Airborne Contamination of Healthcare Workers During Noninvasive Ventilation... 149 


particle and its size for the transversal and the sagittal plane, respectively [15, 16]. 
Indeed, the angle of the cloud in the transverse plane decreases with the increased 
minute ventilation and tidal volume [15]. The angle of dispersion in the sagittal 
plane increases for bigger particles, but the distance of dispersion decreases at the 
same time [16]. As the ambient conditions modify the size of the particles, they 
dramatically influence these two properties. Indeed, the conditions in the respiratory 
system are hot and humid, and the transition to the dry and colder environmental 
conditions is responsible for evaporation and reduction of the particle diameter [17]. 
These factors make difficult to predict with certitude the distance of dispersion. 
The contamination of a subject requires a dispersion of particles loaded in virus 
but also a penetration of these infective particles into the lungs. This penetration of 
particles in the body happens either by the nasal or by the oral route. Similar to the 
dispersion mechanisms, the particle size plays a major role in the penetration of 
these particles depending on the anatomy of the upper airway (Fig. 3). Posterior 
pharynx, the vocal cords, and the main bronchial bifurcation present curvatures in 


Fig. 3 Role of the particle size in the penetration of the respiratory particles 
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Fig. 4 Synthesis of the risk of contamination due to the respiratory particles 


which larger particles (>5 jm) are often unable to negotiate. This mechanism, called 
impaction, refers to the inertial force. It corresponds to the process whereby a par- 
ticle moving in a gas stream deviates from its way by hitting an obstacle. The effect 
of particle density and inspiratory flow is implicit in this definition of inertial impac- 
tion. It means that the pattern of breathing contributes to modify the risk of contami- 
nation. Sedimentation and diffusion are the two other mechanisms of deposition 
into the lungs. It usually occurs for particles with a smaller size than 5 ym. The 
amount of droplets and mainly the viral load reaching the airways are essential for 
the risk of contamination. 

All these elements have to be included in the reflection about the risk of contami- 
nation. But the huge variability of all these parameters makes it difficult to predict 
correctly the risk (Fig. 4). Empirical but reasonable choices are required when 
guidelines have to be elaborated about the protection procedures to complete the 
individual protective barriers. 


What About the Different Modalities of Treatment? 


Out of the intensive care units, the main therapeutics at risk of such a dispersion of 
respirable particles and then airborne transmission of the virus are NIV, aerosol and 
oxygen delivery, airway clearance, and aspiration. Only this last modality is not 
addressed in this chapter. 

In the literature, no evidence exists that all these procedures related to respiratory 
care for patient at risk or infected by the virus can be done safely. However, there 
are strong elements suggesting an increased risk of transmission to healthcare 
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workers in association with them. Particles can be generated either by the patient 
and or by the devices. As previously mentioned, this risk depends on the distance of 
particle dispersion but also on the stability of the virus in the air of the room. Such 
stability was demonstrated up to 3 h with SARS-COV-1 and SARS-CoV-2 [4]. 
Many other viruses such as HCoV-229E, MERS-CoV, and HIN1 were also demon- 
strated to be stable in aerosol for a wide range of time [18]. 

Some particles are expelled into the air during human exhalation and the charac- 
teristics of the trajectory of dispersion depending on the position of the subject. As 
mentioned, the initial exhaled velocity determines the dispersion distance of parti- 
cles. As the air velocity is 4-5 times higher for cough than for normal exhalation, 
the risk of contamination increases during the cough. The cough, voluntary or not, 
produces respirable particles as mentioned previously in this chapter (Fig. 2). In a 
healthy subject, the cough generates more than 95% of respirable particles in a tur- 
bulent jet [19]. It is associated with a particle dispersion distance close to 0.7 m 
along the median sagittal plane when the subject is lying at 45° [20]. This particle 
dispersion distance is reduced to less than 30 cm when the subject wears either a 
surgical mask or a N95 mask [20]. The masks worn by the patient during maneuvers 
generating particles dramatically reduced the dispersion [21]. The N95 mask is 
more effective than the surgical mask by preventing air leakage forward and then 
lateral dispersion during the cough maneuvers (Fig. 5) [20]. This is true for what- 
ever the cough [20]. The more severe the lung disease, the shorter the distance of 
dispersion in the sagittal plane (Fig. 5) [20]. The modification of the pattern of 
breathing resulting from lung diseases explains this change. By extrapolation and in 
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Fig. 5 Effect of the masks on the dispersion of respiratory particles (From ref. [20]) in a model 
simulating a normal cough without a mask (a), and with a surgical (b) or N95 mask (ce), and a 
cough in normal subject (d), and during a moderate (e) or severe lung injury (f) 
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absence of other data, the use of airway clearance techniques can follow the same 
reasoning than for cough. Indeed, these airway clearance techniques and aerosol 
delivery promote cough in patients and they are performed in the investigated posi- 
tion in the study about the cough. Moreover, airway clearance techniques are fre- 
quently followed by cough maneuvers (or suctioning) to expulse the mobilized 
sputum. Moreover, the patients using chest physiotherapy are highly at risk of viral 
contamination and of carrying the responsible virus, and the physiotherapists are 
placed at a too short distance from the airways of the patients during the treatment 
to prevent the risk of transmission. The prudence when carrying out such proce- 
dures in patients with HIN1 virus was required [22]. This justifies the mask for the 
patient at risk of any transmissible infection during the chest physiotherapy and the 
mask and the face shield for the physiotherapist. Even if data are insufficient, a 
study on an ex-vivo model also suggested that the use of mucomodulators increases 
the crosslinking in the mucin glycoprotein network [23]. It could contribute to 
reduce the risk of airborne transmission. 

Without a doubt, the nebulization presents also a risk of contamination of the 
healthcare workers and requires the same personal protection equipment [24]. Many 
studies demonstrated an aerosol contamination in ambient air and then an exposure 
of the healthcare workers during nebulization treatment, notably by showing pent- 
amidine concentration in the urine of healthcare workers [25-28]. Indeed, the nebu- 
lizers disperse particles in the environment and have to be considered as generators 
of infective particles in the ambient air. These particles can be charged with the 
virus, and some of them have by definition an optimal size to penetrate the lungs of 
healthcare workers. As the concentration of these particles can be high, they are able 
to contaminate the healthcare workers. The closer to the nebulizer the healthcare 
worker, the higher the concentration of particles in the air. Here also, the diseases 
modify the risk of contamination because the exhaled air leakage through the side 
vents of the jet nebulizer increased from 0.45 to 0.8 m with worsening lung 
injury [29]. 

This air pollution is also associated with a surface contamination. The bigger 
particles fall on the surface around the patient. Moreover, as a bacterial contamina- 
tion of the nebulizers from patients is also well-known [30-32], the viral contamina- 
tion of the device can be reasonably extrapolated. If the virus is stable on plastic, as 
it is for SARS-CoV-2 up to 72 h [4], this risk of device contamination is reinforced. 
The SARS-CoV-1, MERS-CoV, and influenza virus can also survive on surfaces for 
extended periods, sometimes up to months depending on various conditions [18]. 

The modality of aerosol delivery and the interface assume an important role in 
the level of risk [25]. Unvented nebulizers and jet nebulizers generating continu- 
ously the aerosol disperse more particles during the expiratory phase compared to 
vented, breath-enhanced, or breath-actuated nebulizers. Contrarily, no exhaled dose 
in the environment is detected with mesh or dosimetric nebulizers. For these rea- 
sons, it is recommended to prefer pressurized metered dose inhaler and inhalation 
chamber or to apply a filter on the expiratory port of the nebulizers and to wear a 
nose clip when there is a risk of contamination [33]. 
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The risk of virus transmission to the healthcare workers with NIV (including 
continuous positive airway pressure) or oxygen delivery is also probable even if 
there is again a lack of evidence in relationship to different viruses. Nevertheless, 
during the administration of these modalities, the personal protective equipment is 
needed. Substantial exposure to exhaled air from NIV was observed within a 1m 
distance from the patients [34]. The leakage from the mask or from the expiratory 
valve by which the particles can leave the circuit depends on the model of mask or 
the valve and the settings of the NIV [34-37]. This dispersion occurs in a sagittal 
plane in a direction perpendicular to the mask. Full-face masks are not recom- 
mended. The helmet mask is associated with a smaller amount of dispersed parti- 
cles. During NIV and whatever the interface, the higher the inspiratory pressure, the 
longer the dispersion distance. Moreover, as for the nebulization, the more severe 
the disease, the shorter the distance of dispersion. The use of a double-limb circuit 
with a non-vented mask should be favored with filters between the expiratory port 
and the ventilator, between the inspiratory port and the ventilator, and before the 
patient’s mask. A key element to reduce the dispersion of particles in the environ- 
ment is to avoid leakage around the mask [37]. 

For the oxygen delivery, there are different ways of administration. Whatever 
the modality (nasal cannula, high-flow, non-rebreather, or venture masks), the 
distance of dispersion in the sagittal plane increases with the oxygen flow [37- 
39]. The non-rebreather mask seems to be the less dispersing modality. The dis- 
tance reaches | m for oxygen flow settings of 5 L/min delivered by nasal cannula 
which is the worst modality regarding the distance of particle dispersion. The 
distance of dispersion decreases with increasing lung injury. The high-flow nasal 
cannula disseminates also particles. However, the lateral air dispersion from the 
high-flow nasal cannula is negligible when these cannulas are tightly connected. 
In routine, it is frequently not the case, and then, the distance of dispersion is 
important [37]. In case of oxygen delivery by nasal cannula or high-flow nasal 
cannula, a surgical mask has to be placed on the face of the patient to reduce the 
particle dispersion, and the personal protective equipment is again to be 
implemented. 


To Keep in Mind 


All the aerosol-generating particle modalities are able to disperse infective respira- 
tory particles into the environment of the infected patients, and these particles can 
be displaced by airflows and ventilation from air conditioner [40]. Some modalities 
of treatment have been associated with airborne transmission. The particles emitted 
in the air during these modalities have an optimal size to penetrate the lungs and 
then present a risk of spreading any virus during pandemic. The importance of aero- 
dynamic properties of inhaled particles is obvious from the dispersion and the con- 
tamination point of view. 

The risk of airborne transmission is evident in relationship with aerosol delivery, 
noninvasive ventilation, oxygen delivery, cough, and chest physiotherapy. Indeed, 
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the mucosae and eyes of the healthcare workers are exposed to the respiratory par- 
ticle dispersed in the atmosphere and the surfaces can also become a vector of trans- 
mission of virus after contamination by potentially infective droplets from these 
treatments. Avoiding these modalities when they are unnecessary is mandatory if 
there is a risk of virus transmission. At least, some adaptations have to be performed 
to ensure the safety of the healthcare workers. 
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SARS Severe acute respiratory syndrome 
SSE Super-spreading events 
VAP Ventilator-associated pneumonia 


Introduction 


Viral epidemics of respiratory diseases have presented severe threats to global 
health in the last few decades [1, 2]. Noninvasive ventilation (NIV) is a well- 
established ventilatory approach for the acute respiratory failure of various causes 
[3-6]. Most notably, it appears to decrease the need for tracheal intubation in viral 
pneumonia [3, 4]. 

Concerns about NIV potential to increment the risk of infectious disease spread- 
ing started with severe acute respiratory syndrome (SARS) outbreak [7]. SARS 
emerged in 2003 as a highly infectious atypical pneumonia caused by the virus 
SARS-CoV [8, 9]. Dysregulated immune response, rather than viral load, seemed to 
account for acute lung injury; thus, immunosuppressant agents were primarily 
applied [10-15]. Nevertheless, roughly 20-30% of the patients still progressed to 
acute respiratory failure (ARF) [11, 15]. NIV was assumed to be an effective way to 
avoid intubation risks in patients with compromised immunity, particularly at risk 
of ventilator-associated pneumonia (VAP) [13]. Early in the course of the SARS 
epidemic, healthcare professionals (HCPs) seemed to be at exceptionally high risk 
of infection [16, 17]. Later, the NIV application was investigated to be associated 
with the SARS “super-spreading events” (SSEs) [16]. SSEs refer to specific events 
under which the virus is transmitted to numerous people from a single patient, 
mostly occurring at hospital facilities, with reported odds ratio as high as 11.82 in 
multivariate models [16, 18]. The main concern for NIV in highly transmissible 
diseases like SARS is its aerosolising potential, further rising transmission rates 
[16, 19, 20]. These issues, along with experts’ opinions and local guidelines, subse- 
quently led to a very limited role for NIV in SARS [20]. In this setting, the balanced 
use of NIV for ARF due to SARS-CoV remained a controversial issue. 


Severe Acute Respiratory Syndrome (SARS) 
SARS is primarily a respiratory condition, potentially affecting other systems, 


caused by SARS-CoV [17, 21]. Its mortality rate has been estimated roughly as 
10% [9]. It generally presented in patients as fever, chills and myalgia, evolving to 
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respiratory failure within 1-2 weeks [6, 13]. The need for intubation and mechani- 
cal ventilation was reported in 14—20% of the cases, with a mortality rate of 50% 
[22]. The global outbreak of this novel disease in 2003 affected approximately 8000 
people with 774 deaths [23]. The exact transmission mechanisms remained unclear, 
with controversies about the most effective ways of preventing disease spreading 
[11, 24]. It seems to be transmitted by droplet or fomite [25]. 

ARF is the major complication of SARS [25]. The estimated incubation time is 
between 4 and 5 days [25]. Reactive hepatitis is also expected and worsens the dis- 
ease prognosis [25]. After the initial phase of infection, SARS-CoV appears to elicit 
a dysregulated immune response and a subsequent clinical worsening, accompanied 
by radiological deterioration, progression of respiratory failure and recurrence of 
fever, along with a drop in detectable viral load [10, 14, 25]. As stated, this worsen- 
ing is believed to depend mainly on an immune-mediated lung injury, resulting in 
ARF, with 20% of patients evolving to acute respiratory distress syndrome (ARDS), 
according to prospective studies [25, 26]. 

ARDS has been treated successfully with NIV interventions; however, its role is 
not entirely recognised [27]. Taking into consideration the pathophysiological 
mechanism of ARF in ARDS, NIV could avoid the alveolar collapse by increasing 
the transpulmonary pressure applied at end exhalation by continuous positive air- 
way pressure (CPAP) and the alveolar opening could be facilitated at the end-inha- 
lation by increasing inspiratory positive airway pressure (IPAP) [6]. 

Lymphopenia is a prevalent finding among patients with SARS (approximately 
98% of the patients), and mild features of disseminated intravascular coagulation 
can also be observed [25]. Interestingly, SARS patients also seem to be at risk for 
spontaneous pneumo-mediastinum—which was observed in 12% [25]. 

A systematic and widespread approach to the pharmacological treatment of 
SARS was not yet established [15, 20]. 

According to the identified vulnerabilities of hospital facilities where the SSE 
occurred, as well as HCP performance aspects, authorities have suggested a series 
of procedures and measures that could allow for the safe handling of SARS patients 
(Table 1) [2, 5, 6, 24, 28]. 
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Table 1 General infection control precautions for management of patients with SARS 


Infection control precautions for management of SARS patients 
Healthcare professional (HCP) education 


High-risk procedures, alternatives and precautions 


Limit aerosol-generating procedures and limit the number of HCPs present 


Effective use of time during patient contact 


How to appropriately “gown” and “degown” without contamination 


Personal protection equipment (PPE) 
Airborne/droplet precautions: N95 respirator/surgical mask 
Contact precautions: disposable gloves, gown, cap and eye protection 


Objects and equipment should not be allowed into or removed from the room 


Immediate removal of grossly contaminated equipment 


Showering in a nearby facility 


Environment 


6-12 air changes per hour 


Negative pressure isolation rooms with antechambers, with closed doors 


Patient equipment should not be shared 


Alcohol-based hand and equipment disinfectants 


Frequent cleaning of surfaces with disposable cloths and alcohol-based detergents 


Monitor patients through windows or video cameras 


Transport 


Avoid patient transport where/when possible 


Special precautions in acute respiratory failure 


Viral/bacterial filter placed in expiratory port of bag valve mask 


Two filters per ventilator: between the expiratory port and the ventilator and on the exhalation 
outlet 


Dual limb circuits when possible 


Closed-system in-line suctioning of endotracheal/tracheostomy tubes 


Heat and moisture exchanger preferred 


Scavenger system for exhalation port of the ventilator 


Adapted from Yam LY, Chen RC, Zhong NS. SARS: ventilatory and intensive care. Respirology. 
November, 2003;8(S1):S31-5 

HCPs healthcare professionals, SARS severe acute respiratory syndrome, PPE personal protection 
equipment 


Infectious Risk of NIV in SARS 


HCP has been recognised to be particularly at risk for many infectious diseases, 
particularly for respiratory pathogens and when procedures that generate droplets 
and aerosols are needed [5]. Worldwide, about 21% of SARS patients were HCP 
[5]. Although safety procedures have been established for the management of 
patients with acute respiratory diseases, the extent of the exposure to HCP and the 
risk of acquiring SARS through specific procedures are not entirely established [2]. 
A multitude of aerosol-generating procedures has been listed, and international 
societies have recommended their avoidance during SARS outbreaks [20, 22]. 
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During the SARS outbreak, 75% of Hong Kong and Singapore infections were 
associated with SSE [5]. Indeed, it was observed that exposure to one single SARS 
patient resulted in the infection of 138 people [25]. Nebulised bronchodilators have 
been assumed to be at least partly responsible for this “super-spreading” phenome- 
non [25]. Nevertheless, international societies also recommended against the use of 
CPAP or NIV for safety concerns [20]. Positive pressure ventilatory support (either 
bi-level positive airway pressure (BiPAP) or CPAP) is believed to generate aerosols 
and droplets with risk of exposure to HCP; however, the burden of infectious parti- 
cles within the created aerosols and the exact mechanism of transmission remains 
imprecise [24]. 

To date, there is no prospective work designed to specifically address the risk of 
SARS transmission to HCP in the setting of NIV application for ARF [3, 28]. 
Cheung and colleagues specifically monitored health status, and the SARS serology 
of HCP and the management of NIV patients appeared safe [29]. We also lack 
reported clinical trials aiming to determine which would be the most suitable inter- 
face and circuit display to minimise the aerosolising risk. The initial evidence for 
transmission risk was very scarce; recommendations to consider NIV as a high-risk 
procedure consisted mainly of expert opinion and widely spread through the medi- 
cal community, relying on demonstrations from experimental models of particle 
dispersion [7, 15, 30]. Higher quality evidence was obtained in 2007 from a case— 
control retrospective study during the SARS epidemic, where Yu and colleagues 
showed BiPAP therapy to be associated with super-spreading events, along with the 
need for supplementary O, therapy [9]. For NIV procedures, the risk of SARS trans- 
mission has been estimated to have an odds ratio (OR) between 2.6 and 3.2 in two 
cohort studies [12, 13]. This transmission risk has been significantly reduced by 
safety training programmes and the appropriate use of personal protective equip- 
ment (PPE) [12, 14, 15]. 


Effectiveness of NIV in SARS 


NIV has been associated with lower rates of endotracheal intubation (ETI) for ARF 
of many causes, and this was the rationale for its use in SARS, especially for patients 
that were not candidates for invasive ventilation [28]. Additionally, when promptly 
administered, it diminishes the risk of nosocomial infection, promotes rapid respira- 
tory recovery and reduces patients’ dependence on critical care facilities [5]. 

Meanwhile, specifically for ARDS, NIV is still not considered as the first-line 
approach [28]. 

In the early experience of the SARS epidemic, NIV as the initial support for ARF 
appeared to be associated with reduced need for ETI and mortality [28]. Facemask 
has been the privileged interface for such cases [28]. 

During 2003 SARS outbreaks, UCI admission and mechanical ventilation were 
considered when severe respiratory failure was observed [2]. The criteria for early 
admission were a respiratory rate >35 cycles/min and the SpO, <90% with 50% of 
inspired O,, and NIV was initially avoided because of the concern with a potentially 


164 A.C. Pimenta and B. Conde 


high risk of SSE due to intentional leaks and flow compensation, which would 
threaten HCP as previously explored. Thus, the initial experience with NIV for 
SARS respiratory failure was limited [31]. 

It was also observed that patients frequently needed recruitment manoeuvres (i.e. 
prone position), with hypo-secretory airways predisposing to alveolar collapse and 
desaturation [31]. 

The role of NIV in SARS has been restricted to very specific conditions as mild- 
to-moderate acute respiratory distress syndrome (ARDS) with no evidence of shock 
or metabolic acidosis [10]. 

The first reports from the SARS-CoV outbreak in 2003 present CPAP treatment 
as an effective initial supportive intervention [17]. In their study, Han and colleagues 
observed that the initiation of NIV rapidly and significantly improved ARF oxygen- 
ation and clinical condition in SARS patients [13]. Han suggested as criteria for 
considering initiation of NIV the following conditions: 


1. Acute lung injury (ALI or ARDS criteria met (PaO,/FiO, <300 for ALI and 
<200 for ARDS) and a chest radiograph showing progressive deterioration. 
2. Respiratory failure: 
(a) Room air SpO, <90%, with PaO, <60 mmHg. 
(b) SpO, <93% and PaO, <70 mmHg, with 5 L/min of supplemental oxygen. 
3. Severe dyspnoea with the respiratory rate exceeding 30 breaths/min at rest 
[13;251. 


NIV was suggested to be initiated with a double limb circuit, using exhalation 
limb filters [13, 25, 28]. Facial masks and helmets have been the preferred interface 
options [28]. After interface adjustment, inspiratory pressure (IPAP) was regulated 
to improve dyspnoea and achieve a respiratory rate of <25 cycles/min [13, 25]. 
Expiratory pressure (EPAP) was titrated up to 10 cm HO to achieve an O) require- 
ment of 5 L/min or less in intervals of 1 cm H,O [13, 25]. Supplemental oxygen was 
added up to 5 L/min to achieve SpO, of >93% [13, 25]. 

As invasive ventilation is, for most healthcare systems, a very limited resource, 
NIV has been considered an alternative during catastrophic events [5]. Trained per- 
sonnel for correct NIV application under epidemic conditions frees up invasive res- 
pirators and other equipment and human resources for patients with ARF requiring 
invasive ventilation [5]. 


Conclusion and Future Perspectives 


Evidence for NIV use in high-risk infections has aroused mainly from HIN1 and 
SARS-CoV-2 [3, 32]. Despite the risk for HCP, NIV has been assumed as a possible 
procedure during an epidemic [5]. The world pandemic of SARS-CoV-2 has pre- 
sented critical challenges for public health and healthcare systems and exception- 
ally to the hospital facilities managing ARF with limited resources [32]. The lack of 
good quality evidence for its application if SARS re-emerges should not prevent us 
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from applying NIV in the best interest of the patient, according to the clinical pre- 
cautionary principle [32]. Efforts should be made in order to increase the body of 
evidence regarding the ideal interface, circuit set-up and optimal PPE to minimise 
risks for HCP and patients [5, 28]. 


Key Points 

¢ Occupational health is a valid concern for authorities that guided infection 
control statements to recommend restricting the use of NIV, considering it 
as a high-risk intervention, despite a scarce body of evidence. 

e In acute respiratory failure caused by viral pneumonia, some principles to 
minimise transmission rates should be applied. 

e NIV is not the first-line approach for ARDS. 

e During an epidemic, NIV may have a role to decrease the need for more 
invasive procedures that raise occupational risk and increase workload. 

e NIV may also have a role for patients that are not fit for invasive mechani- 
cal ventilation. 

e The paucity of the available evidence, according to the clinical precaution- 
ary principle, should favour the use of NIV during respiratory diseases’ 
epidemics. 

e It is crucial to strengthen the body of evidence to sustain or refuse NIV as 
a high-risk procedure for highly infectious diseases. 
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Introduction 


AIV are disseminated worldwide [1]. AIV outbreaks constitute an important burden 
on public health. Avian flu is an acute contagious disease of obligatory declaration 
caused by infection with avian (bird) influenza (flu) Type A viruses. These viruses 
occur naturally among wild aquatic birds and can infect domestic poultry and other 
bird and animal species. Avian flu viruses do not normally infect humans. 

AIV are divided into subtypes based on two proteins on the surface of the virus: 
hemagglutinin (H) and neuraminidase (N) [2]. AIV are also classified into two 
groups based on their ability to produce disease in chickens: highly pathogenic 
avian influenza (HPAI) or low pathogenic avian influenza (LPAI) [3]. Some sub- 
types of avian influenza can replicate within the human respiratory tract and cause 
disease. 
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The clinical manifestations of avian influenza virus vary widely, depending on 
the infected species, the age, the sex, the strain, the subtype involved, concurrent 
infections and environmental factors [1]. 

The first episode of HSN1 infection in humans occurred in Hong Kong in 1997 
[4]. In 2013, humans infected with H7N9 virus were first confirmed in China [5]. 
Patients infected with HSN1 and H7N9 viruses present influenza like illness symp- 
toms, including fever and cough. A sizeable proportion of those patients developed 
acute respiratory distress syndrome (ARDS) and multiorgan failure. Since 1998, 
influenza H9N2 has been isolated from humans with mild respiratory infection. 

H7 outbreaks were detected in the USA in 2002 (H7N2), the Netherlands in 2003 
(H7N7), Canada in 2004 (H7N3) and the UK in 2007 (H7N2). Conjunctivitis was 
the major clinical manifestation of individuals infected. Sporadic human cases with 
HS5N6, H6ON1, H7N4, H2N2, H10ON7 and HION8 have also been described [3]. 
Philippon et al. [6] reviewed the epidemiology of more than 2500 human infec- 
tions with AIV. They observed that human infection with HSN1 (881 cases) and 
H7N9 (1568 cases) were more frequent than other subtypes. In this study, the risk 
of death was highest among reported cases infected with HSN 1 (881 total cases, 462 
deaths), HSN6 (20 total cases, 14 deaths), H7N9 (1568 total cases, 616 deaths) and 
HIONS8 (2 total cases, 2 deaths). 


Severe AIV Infection in Humans 


Many aspects of transmission are still under investigation. The principal risk factor 
for human infections of avian influenza is direct or indirect contact with contami- 
nated poultry or poultry products [7]. The virus can infect humans via inhaling 
virus-containing droplets too [8]. There is no evidence of sustained human to human 
although several small clusters of infections have been reported [9]. 

The pathogenesis of avian influenza is not clear. Human infection is the result of 
a complex interaction of viral, host and environmental factors. The host immune 
response to avian influenza virus could be crucial in determining disease pathogen- 
esis [10]. Some authors suggest that the cytokine storm may contribute to the sever- 
ity of infection [11, 12]. 

The clinical features of hospitalized patients with H7N9 or H5N1 virus infection 
are generally similar to patients with severe H1N1 virus infection. Patients usually 
present fever, cough and expectoration. The disease progresses rapidly to severe 
pneumonia, ARDS and shock [5]. Compared to H5N1 infection, H7N9 infection 
causes frequently conjunctivitis, while some common clinical symptoms in H5N1 
such as nasal congestion and rhinorrhoea are not apparent [13]. Like HSN1, H7N9 
infection can develop rapidly and attack the lower respiratory tract. This leads to 
hypoxaemia which is the leading cause of death. Deng et al. [14] analysed patients 
hospitalized with COVD-19 (83 cases), H7N9 (36 cases) and HINI (44 cases) and 
observed that the proportion of pneumonia and the number of lobes involved in 
COVID-19 patients were higher than in HIN1 cases but lower than in H7N9 cases. 
Both COVID-19 and H7N9 patients had a longer duration of hospitalization, a 
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higher complications rate and more severe cases than H1N1 patients. H7N9 patients 
had higher hospitalization—fatality ratio than COVID-19 patients. 

The median age of patients with H7N9 infection is 54-63 years, and cases in 
children are rare. In contrast, the median age of H5N1 cases is 20-30 years [15]. 
Males are at higher risk of H7N1 infection [6]. Although the mortality rate in H7N9 
infection is lower than that attributed to HSN1 virus, H7N9 virus spreads faster than 
HS5N1 [13]. 

The incubation period for HSN1 infection ranges 2—8 days [16]. Disease pro- 
gression is rapid, with a median time from hospital admission to advanced organ 
support of 2 days. Among the fatal cases, the median duration from symptom onset 
to death is 9-10 days [16]. A high proportion of patients with HSN1 present critical 
illness and 63% require advanced organ support [17]. Complications include multi- 
organ failure with respiratory failure, cardiovascular failure, gastrointestinal failure, 
haematological failure, renal failure, hepatic failure and central nervous system fail- 
ure. Disease H5N1-infected patients who required admission to hospital presented 
57% mortality [17]. Most deaths are related to failure respiratory. Mertz et al. [18] 
designed a meta-analysis to evaluate risk factors for severe outcomes in patients 
with avian influenza. They found female sex was associated with worse outcomes in 
patients with H5N1 infection. 

The incubation period for H7N1 infection ranges from | to 10 days. The median 
time from illness onset to hospitalization, ARDS development and death was 4 days, 
7 days and 21 days, respectively [16]. Gao HN et al. [5] studied 111 hospitalized 
patients with H7N9 infection and observed that ARDS was the most common com- 
plication, followed by shock, acute kidney injury and rhabdomyolysis. In this study, 
of the 79 patients with ARDS, 65 cases required invasive mechanical ventilation, 
and of these patients 20 received extracorporeal membrane oxygenation. The major- 
ity of the severe H7N9 infection is older men with comorbidities such as chronic 
obstructive pulmonary disease, diabetes, hypertension, obesity, chronic lung disease 
and heart disease [15]. Pregnancy is a risk factor for morbidity and mortality too. 
Philippon DAM et al. [5] described 39.3% mortality in infected humans with 
H7N9 AIV. 


Management Respiratory of Patients with Avian 
Influenza Infection 


Most patients who die from avian influenza infection do so as a result of hypoxae- 
mic respiratory failure. The objective of ventilatory support is to correct hypoxae- 
mia and achieve acceptable acid—bases status, without inducing ventilator-associated 
lung injury. 

Patients with avian influenza infection who present dyspnoea, tachypnoea, 
hypoxaemia and pulmonary infiltrates on chest should be hospitalized and receive 
oxygen therapy [7, 16]. Types of oxygen devices depend on the severity of respira- 
tory insufficiency. These patients progress rapidly, especially patients with avian 
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influenza HSN1. For this reason, it is important for careful monitoring. Patients who 
develop ARDS must be supported with mechanical ventilation. 

Data on the use of noninvasive mechanical ventilation (NIV) in avian influenza 
are limited [19-22]. Li et al. [23] compared patients with H7N9 and H1N1 compli- 
cated by ARDS. The rate of invasive mechanical ventilation was significantly higher 
in the H7N9 group than in the HIN1 group. All patients received mechanical respi- 
ratory support. The use of NIV in the HIN1 reached 81.8%, while the NIV rate in 
the H7N9 group was only 38.9%. Luo et al. [24] suggest that, in patients with con- 
scious State, satisfied expectoration ability and relativity good cooperation and with 
close observation of oxygenation and respiratory rate, NIV may be accepted as an 
effective method for patients with ARDS caused by avian influenza. 

NIV is an attractive option, especially in a pandemic scenario when the demand 
for invasive mechanical ventilation support is overwhelming [25]. However, the use 
of NIV in avian influenza is problematic for several reasons [26, 27]. First, the risk 
for transmission of avian influenza might be increased with NIV. Additionally, the 
rapid progress to frank respiratory failure is frequent and use persistent of NIV 
despite deteriorating status can worsen outcomes. It is necessary prospective trials 
that evaluate the risk-benefit ratio regarding use of NIV in avian influenza infected 
patients. If NIV is attempted, the followings are recommended: 


e Adequate selection of patients with moderate pneumonia or leve/moderate 
ARDS without contraindications. 

¢ Carefully monitor conscience level, respiratory variables (respiratory frequency, 
saturation O,, respiratory work, etc.) and haemodynamic variables (arterial ten- 
sion, cardiac frequency, etc.). Close surveillance of respiratory curves (pressure, 
volume and flow). Use arterial blood gas to evaluate exchange gas [28]. 

e Avoid the use of high pressure due to the risk of barotrauma, especially in patients 
with HS5N1 infection, and also, the use of high pressure increases the risk for 
transmission of AIV. 

e Apply NIV with helmet and double-circuit tubes [16]. 

e Early intubation should be performed if the patient is not improving within 
1-2 h [26]. 

¢ Healthcare workers must closely adhere to isolation procedures. 


A high number of hospitalized patients with avian flu (HSN1, H7N9) require 
invasive ventilatory support [5, 23, 25]. Invasive mechanical ventilation is the treat- 
ment of choice in patients with avian influenza infection who require ventilatory 
support. It is recommended that for management, avian influenza-infected patients 
use lung protective ventilation strategy [27]. Lung protective ventilation entered 
mainstream clinical practice with the publication of the first ARDS Network study 
in 2000 [29]; this study demonstrated that limiting plateau pressure and reducing 
tidal volume to 6 mL/kg predicted body weight improved survival. Current stan- 
dards for invasive ventilatory management in patients with ARDS include limitation 
of tidal volume and airway pressure and standard approaches to setting PEEP, while 
evolving standards might focus on limitation of driving pressure or mechanical 
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power, individual titration of PEEP and monitoring efforts during spontaneous 
breathing [30]. It is recommended to limit tidal volume (targeting tidal volume of 
<6 mL/kg predicted body weight) to keep plateau pressure below 25-30 cm H,O 
and driving pressure <14 cm H,O allowing permissive hypercapnia while minimiz- 
ing dyssynchrony. Expert opinion favours the use of individual titration of positive 
end-expiratory pressure. The high incidence of pneumothorax in patients with 
H5N1 infection dictates a cautious approach to lung recruitment [17]. 

Prone position has been used for many years and is now recommended for 
patients with moderate or severe ARDS receiving invasive mechanical ventilation 
with sedation and paralysis [31-33]. In recent studies, prone positioning shows to 
improve mortality in mechanically ventilated patients with moderate-to-severe 
ARDS [31]. Xu et al. [34] explored the effect of prone position on the respiratory 
and circulatory mechanics in H7N9-infected patients. This analysis showed signifi- 
cantly higher values pO,/FiO, post-prone position ventilation compared to values 
pre-prone position ventilation, and these improvements in pO,/FiO, were sustained 
post-supine position ventilation. Further studies are needed to demonstrate that 
prone position improves outcomes in patients with avian influenza infection flu who 
require invasive mechanical ventilation. 

Recently, prone positioning in awake non-intubated COVID-19 patients has been 
used with the goal of preventing intubation and potentially improving patient- 
oriented outcomes [35]. Potential clinical benefits may be improvement oxygen- 
ation, reduction of respiratory work and prevention of intubation. Randomized 
controlled trials are needed to better understand the benefits and adverse effects of 
prone positioning in patients awake. 

Contraindications of prone positioning include unstable spinal fracture, hemody- 
namic instability, unstable pelvic or long bone fractures, open abdominal wounds 
and increased intracranial pressure [31]. Late-term pregnancy has been suggested as 
a contraindication. 

In patients with persistent hypoxaemia, other interventions like neuromuscular 
blockade or inhaled nitric oxide or high-frequency oscillatory ventilation may be 
considered to reduce hypoxaemia [26, 36]. Extracorporeal membrane oxygenation 
(ECMO) should be considered in patients with refractory hypoxaemia [36-38]. 
ECMO provides adequate oxygenation to prevent or reverse tissue hypoxia, pro- 
motes CO, clearance and facilitates ultraprotective mechanical ventilation, poten- 
tially minimizing ventilation-induced lung [39]. 


Infection Prevention and Control Measures 


Experience with the recent viral pandemic has generated interest in the study of the 
transmission modes of pathogens. It provides better understanding of the pathogeny 
and better design of infection prevention and control strategies. 

Clinicals should remain vigilant against avian influenza [16]. Physicians should 
suspect avian flu in patient from areas affected by avian influenza who develops 
respiratory symptoms and fever. It is important early detection of avian infection 
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Table 1 Infection prevention and control measures for management of patients with avian influ- 
enza infection [7, 16, 17, 25, 40-42] 


Personal protective equipment: 


¢ Hand hygiene. 


¢ Gloves. 
¢ Gowns. 


¢ Respiratory protection: respirators of N95 standard or higher. 


¢ Eye protection with goggles and face shield. 


In patients who require mechanical ventilation: 
¢ Invasive mechanical ventilation is preferred. 
¢ Apply NIV with helmet or full-face mask. 

¢ Use double-circuit tubes. 


¢ Each ventilator should be two filters: one between the inspiratory port and ventilator circuit 
and the other between the expiratory port and ventilator circuit. 


¢ Minimize leaks. 
¢ Closed-system in-line suctioning of endotracheal/tracheostomy tubes. 


¢ Humidification should be done via heat—moisture exchangers with viral—bacterial filter 
properties rather than heated humidifiers. 


Only performing aerosol generation procedures if they are medically necessary. It is advisable 
to perform these procedures in an airborne isolation room with full personal protective 
equipment. 


Avoid patient transport (balance risks and benefits). 
Place the patient in an airborne infection isolation room preferably with negative pressure. 


Staff education and training on infection prevention and control measures. 


Implementation of protocols for preventing transmission of infectious agents. 


Implement environment infection control. 
Monitor exposed healthcare personnel. Establish procedures for prompt identification and 
early treatment of infected healthcare workers. 


suspected cases and their isolation and initiate infection control precautions 
promptly. Infected patients should be placed in an airborne infection isolation room 
with negative pressure [7, 16, 25, 40]. 

The World Health Organization and the Centers for Disease Control and 
Prevention have issued guidelines that recommend the use of standard, contact and 
airborne protection, including respirators of N-95 standard or higher [7, 40]. 
Infection control measures are summarized in Table 1. 

An essential component of infection control strategy is the education and train- 
ing on preventing transmission of infections and the implementation of clear man- 
agement protocols [25]. 


Conclusion 


e Avian flu is an acute contagious disease produced by AIV. 

¢ Some subtypes of AIV can infect humans. People infected with HSN1 and H7N9 
avian influenza can rapidly develop hypoxaemic respiratory failure which is the 
leading cause of death. 
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Invasive mechanical ventilation is “the gold standard” for treating respiratory 
failure in patients infected with avian influenza. 

The use of NIV in avian influenza infection is controversial. Early application of 
NIV may be used for leve/moderate pneumonia/ARDS in avian influenza 
patients, but early intubation should be performed if the patient is not improving. 
Prone positioning can improve oxygenation. 

ECMO should be considered in patients with refractory hypoxaemia. 

It is recommended to apply infection prevention and control measures when 
assessing and treating patients with avian influenza. 
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Introduction 


A novel influenza A (H1N1) virus emerged in early 2009. It was detected first in the 
Mexico and the United States. This virus was designated as influenza A (H1N1) 
pdm09 virus, which was completely unique [1]. Novel influenza virus was different 
from older strain because of its high virulence and high replication capacity that 
lead to rapid involvement of lower respiratory tract, resulting in rapid bilateral pneu- 
monia and fulminant respiratory failure. Extensive pneumonia occurred rapidly 
after infection and was associated with severe hypoxemia, multisystem organ fail- 
ure, and a requirement for prolonged mechanical ventilation [2]. 
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About 10-30% of hospitalized patients required intensive care [3]. The overall 
intensive care unit (ICU) mortality rate for critically ill cases of HIN1 was close to 
17% [3]. The majority of HIN1 patients who developed rapidly progressive hypox- 
emia had bilateral alveolar infiltrates on chest radiograph. Most patients with 
hypoxemic respiratory failure (HRF) required intubation and mechanical ventila- 
tion [4]. 

Among patients admitted to the ICU for HRF due to H1N1, around 60% required 
mechanical ventilation with a total of 50% mortality after intubation, [5] and prior 
to this HIN1 pandemic, noninvasive ventilation (NIV) was not frequently used in 
cases of HRF like viral pneumonia, and mechanical ventilation was the sole option 
once the patient could not make it on oxygen therapy alone. NIV role was strongly 
defined in hypercapnic respiratory failure and cardiogenic pulmonary edema, so in 
pandemic conditions, NIV was used as an alternative to mechanical ventilation 
because of the complex course of invasive ventilation that requires much more work 
power and medical resources. 


Issues with the Use of NIV Over Invasive Ventilation 


We are describing some common factors in NIV use that makes it more difficult to 
successfully use in HRF as compared to invasive ventilation. Table 1 shows various 
factors affecting droplet formation. 


Ventilatory Factors 


NIV is different from usual invasive ventilation in different aspects that makes it 
less effective, e.g., open circuit, frequent leaks, and different mode of ventilation. 


1. Positive pressure effect cannot be applied continuously as there are more chances 
of circuit discontinuation and some extent of variation in leak during postural 
change, which causes an interruption in balanced alveolar recruitment leading to 
increase ventilation/perfusion (V/Q) mismatch and worsening hypoxemia [6]. 


Table 1 Factors affecting 1. Vented vs non-vented mask 
droplet formation 


2. Inspiratory positive airway 
pressure (IPAP)/pressure 
support 

3. Exhalation filter 

4. Distance from patient 

5. Adequate handling of NIV 
before applying and 
removing 


6. Type of mask 
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2. Optimal positive end-expiratory pressure (PEEP) cannot be calculated in a 
patient on NIV, so an adequate pressure-related goal cannot be achieved [7]. 

3. NIV patient-ventilator asynchrony is quite high in a severe acquired respiratory 
distress syndrome (ARDS) patient as minute ventilation increases. 

4. Adequate sedation cannot be used to promote proper ventilation. 


NIV and Droplet Generation 


Although NIV works in a close circuit, there is always a chance of discontinuation 
of the circuit which led to some droplet generation and dispersion via the exhalation 
ports [8]. These droplets can lead to aerosol generation surrounding patient nearby 
and can be a heavy source of infection transmission and more spreads of an epi- 
demic/pandemic disease like HIN1. Early in 2010, this was a conception that there 
is a high risk of influenza virus transmission because of NIV-related droplets gen- 
eration, but the actual droplet size, droplet travel distance, and risk of aerosol gen- 
eration were not clearly defined. Although on basis of WHO guidelines, NIV was 
also included in high-risk droplet formation procedures like chest physiotherapy 
and nebulization [9]. 

Physiotherapy and NIV generate large droplets adjacent to the patient, but these 
fall significantly at 1 m from the patient [10]. Droplet generation also depends on 
the type of mask (Table 1). Non-vented mask almost functions as a close circuit if 
accurately applied, and this can reduce the size and number of droplet formations 
[10]. A filtered exhalation can reduce the production of large droplets. Increasing 
positive pressure also increases droplet formation. Hui et al. mentioned that NIV 
pressures are equally important in the number of droplet formations. As inspiratory 
positive airway pressure increased from 10 to 18 cm H,O, the exhaled air of a low 
normalized concentration through the Comfort Full 2 mask (Respironics) increased 
from 0.65 to 0.85 meter at a direction perpendicular to the head of the human— 
patient simulator along the median sagittal plane [11]. 

A helmet interface for NIV together with negative pressure rooms equipped with 
high-efficiency particulate air filters may decrease the dispersion of infected respi- 
ratory droplets [12]. 

Cheung et al. reported that working on NIV is safe for healthcare workers; they 
found that no infection was observed among the 105 healthcare workers caring for 
the patients receiving NIV. So, risk related to infection spread can be minimized if 
one follows all standard protocols of NIV infection prevention. The following 
Table 2 summarizes the recommendation for the safe use of NIV for viral pneumo- 
nia in intensive care units (ICUs)/high dependency units (HDUs) adapted from 
(European Centre for Disease Prevention and Control (ECDC). 
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Table 2. Recommendation for safe use of NIV for viral pneumonia in intensive care unit/high 
dependency unit [13] 


Recommendations 
Negative pressure isolation 


Proper personal protective equipment (PPE) 


Recommended mask—a full-face non-vented mask 
(A good mask seal for face masks is important to minimize droplet dispersion and 
maximize effectiveness) 
Use a heat and moisture exchanger (HME) in all exhaust systems to reduce droplet 
spread 
2: A protocol for the sequence of events should be used as follows: 
¢ To start: Put the mask on, and then put the ventilator on 
¢ To disconnect: First put the ventilator off, and then take off the mask 
6. Use a viral/bacterial filter 


Prognostic Factors of NIV Success 


In a multicenter study, Nicolini et al. studied 98 patients and reported that the early 
application of NIV, to avoid invasive ventilation, during the HIN] pandemic was 
associated with an overall success rate of 47/98 (48%) [13]. They also mentioned 
that on presentation a high SAPS II score and a low PaO2/FiO2 (P/F) ratio were at 
high risk of intubation and mortality. 

In the various study of NIV, low P/F ratio (<150), high Simplified Acute 
Physiology Score II (SAPS ID (>30), high Acute Physiology and Chronic Health 
Evaluation If (APACHE II) score (>17), high Sequential Organ Failure Assessment 
(SOFA) score >4, and excessive chest radiographs infiltration (>3 zone involve- 
ment) were poor prognostic factors [14-16]. So, we can conclude that NIV would 
be most beneficial in mild-to-moderate grade ARDS of H1N1 patients where the 
patient had lower disease severity score. 


Evidence of NIV Use in H1N1 Patients 


NIV was first used on a large basis in the SARS outbreak in China. In a major study 
on NIV, the patient’s outcome was better with early ARDS and if proper selection 
procedure was used like an adequate cutoff of P/F ratio and physical severity score. 
NIV failure was observed because of refractory hypoxemia, shock, and multiorgan 
failure. 

There are mixed results of NIV success on basis of a prior review of the litera- 
ture. Table 3 summarizes the outcomes of various studies with the use of NIV in 
HINI1 patients. Some results of NIV failure were just because of applying NIV in 
moderate-to-severe ARDS patients [2, 9]. So, NIV use can be recommended in 
early mild-to-moderate ARDS patients under strict monitoring of various prognos- 
tic and disease severity factors. Table 4 gives key recommendations for the use of 
NIV in HIN! patients. 
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Table 3 Various studies and their outcomes on the use of NIV in HIN1 patients 


Study 


Sample 
size 


Study type 


Outcome 


Masclans 685 Prospective study NIV was used in 25.8% of influenza (H1N1) 
et al. (2013) viral pneumonia admitted to ICU, and 
[14] treatment was effective in 40.6% of them 
Thille et al. 113 Observational Among patients with moderate ARDS, NIV 
(2013) [17] cohort study failure was lower among those having a 
PaQ2/FiO2 > 150 mmHg 
Nicolini et al. | 98 Prospective study NIV was used in half of the patients. Overall 
(2012) [15] NIV success rate was 47/98 (48%) 
Timenetsky 401 Retrospective Of the 14 patients who developed ARF, 
et al. (2011) cohort 85.7% needed NIV and 14% needed invasive 
[16] observational study | ventilation at admission. NIV success rate 
was 41.6% 
Nin et al. 96 Retrospective and Noninvasive positive pressure ventilation was 
(2011) [5] prospective used in 45% of the patient but failed in 77% 
observational study | of them 
Estenssoro 337 Observational NIV was used in 64 patients (19%) and was 
et al. (2010) cohort study associated with a better outcome 
[18] 
Esquinas 47 Retrospective study | 17 patient treated with NIV had a better 
(2010) [19] observational study | outcome than invasive ventilation 
Miller et al. 47 Prospective Out of 47, thirteen ARDS patients initially 
(2009) [20] observational study | received noninvasive positive pressure 
ventilation, but 11 of these were 
endotracheally intubated within a median of 
7.9 IQR 2.8—20.8) hour 
Kumar et al. 168 Prospective Out of 183 patients, 55(32.7%) managed with 
(2009) [2] observational study | NIV. Forty-seven patients (85.4%) who 
received NIV ultimately required invasive 
ventilation 
Rello et al. 32 Prospective Eight patients (33.3%) received noninvasive 
(2009) [21] observational study | mechanical ventilation at ICU admission. Six 
of these patients (75%) required invasive 
mechanical ventilation, and two (33%) died 
Conclusion 


On basis of prior studies, NIV has some role in the management of early ARDS 
secondary to HIN1 influenza pneumonia although we do not have any strong soci- 
ety recommendation for this. There is an unmet need for large-sized clinical trials 
based on various prognostic factors so that a recommendation can be made for NIV 
use in H1N1-related HRF. Large multicentric studies are also required to establish 
currently practice NIV-related infection control protocols to ensure adequate pro- 
tection of healthcare workers and infection transmission to the outer world. 
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Table 4 Key Recommendations for the Use of NIV in H1N1 Patients 


NIV can be used in mild-to-moderate ARDS cases of H1N1 influenza 
HME and viral filters should be always used in the NIV circuit 


A non-vented full-face mask is highly recommended 


NIV can be used only in negative pressure ICU with healthcare team working in PPE 


SAPS II, APACHE II score, SOFA score, and P/F ratio are important prognostic factors and 
should be calculated before NIV initiation 
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Introduction 


Over the past 30 years, a mounting body of evidence has been collected about the 
efficacy of noninvasive ventilation (NIV) in different clinical scenarios. Despite the 
strongest evidence for NIV use has been obtained in patients with an exacerbation 
of chronic obstructive pulmonary disease (COPD) and acute cardiogenic pulmonary 
edema (ACPE), many other data exist on the preferred condition for its use. 
Frequently the terms Continuous Positive Airway Pressure (CPAP) and NIV are 


I. Battistoni - M. Francioni (>) 

Department of Cardiovascular Sciences, Intensive Cardiac Care Unit, Ospedali Riuniti, 
Ancona, Italy 

e-mail: matteo.francioni @ ospedaliriuniti.marche.it 


E. Piervincenzi 
Department of Anesthesiology, Intensive Care and Emergency Medicine, Fondazione 
Policlinico Universitario A. Gemelli IRCCS, Rome, Italy 


Universita Cattolica del Sacro Cuore, Rome, Italy 


© The Author(s), under exclusive license to Springer Nature 185 
Switzerland AG 2023 

A. M. Esquinas (ed.), Noninvasive Mechanical Ventilation in High Risk 

Infections, Mass Casualty and Pandemics, 

https://doi.org/10.1007/978-3-03 1-29673-4_21 


186 |. Battistoni et al. 


used with the same meaning although they are not synonymous. In CPAP different 
interfaces are used to apply a positive end-expiratory pressure (PEEP) resulting in 
improved oxygenation. On the other hand, NIV is respiratory support where pres- 
sure is applied during inspiration as well as expiration resulting in a reduction of 
respiratory effort [1]. NIV use in the management of acute respiratory distress syn- 
drome (ARDS) has always been a matter of debate especially because the subpopu- 
lation of patients who might benefit from this respiratory support remains still 
unclear. 

In March 2020, a novel viral pneumonia caused by SARS-CoV2 coronavirus 
rapidly spread all over the world causing unusual hospital access for severe acute 
respiratory insufficiency. After the first published case series, it had been immedi- 
ate to relate SARS-CoV2 pneumonia to viral pneumonia that could evolve in 
ARDS [2]. Just as early, it has been clear that the patients did not have the typical 
hallmarks of ARDS, because there was evidence of normal or high pulmonary 
compliance values as well as peripheral bilateral patchy shadows and/or ground- 
glass opacities/consolidation on chest tomography [3-5]. COVID-19 is compli- 
cated by severe acute hypoxemic respiratory failure in nearly 30% of hospitalized 
patients requiring oxygen and noninvasive respiratory support (NRS), whereas 
patients needed intensive-care unit (ICU) admission in approximately 5% of 
cases [6-8]. 


Pathophysiologic Issues 


The best strategy to maximize the positive effect of NIV in COVID-19 is to fully 
understand the pathological characteristics in every time of illness evolution. From 
the analysis of a large series of patients with COVID-19 pneumonia, after a few 
months [9-11] has been hypothesized the existence of two different clinical and 
pathophysiological phenotypes: the Type “L” characterized essentially by high 
compliance, low ventilation-to-perfusion ratio (VA/Q), and low lung recruitability, 
and the Type “H” that reflects much more the classic presentation of an ARDS. “Type 
L” patients, accounting for more than 50% of the COVID-19 population, generally 
show hypoxemia with no or low symptoms and may remain stable for days and then 
improve or deteriorate to a “Type H” pattern. Some authors argue that patient dete- 
rioration could be caused not only by the evolution of the disease but also by a 
patient self-inflicted lung injury (P-SILI). P-SILI is generated by intense inspiratory 
efforts that produce swings in transpulmonary pressure, abnormal increases in 
transvascular pressure, an increase in tidal volume, and work of breathing. From a 
pathophysiology point of view, mechanical support through NIV or CPAP via a 
mask system or helmet could be helpful during this phase to prevent possible 
P-SILI. In this situation, with vulnerable tissue in the lung parenchyma, a lack of 
synchronization between the patient and ventilator or excessive pressure amplitudes 
will contribute to progressive damage [9]. Experimental data suggest that not all 
subjects are susceptible to the development of P-SILI: patients with a PaO,/FiO, 
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ratio below 200 mmHg may represent the most at-risk population [12]. Although at 
present no specific data exist, some authors argue that NIV may have a role in devel- 
oping P-SILI and could be the risk that NIV could facilitate of impacting in the 
change in ARDS phenotype from L to H (Paolo Pelosi, personal communication, 
Webinar ESICM). 


Published Clinical Experience 


Since the beginning of the COVID-19 pandemic, ICUs were overwhelmed by an 
increasing number of patients who mainly needed oxygen and respiratory support. 
NIV support was initially used to ease the pressure on ICU [13] as a potential bridge 
to invasive mechanical ventilation (IMV) or as a ceiling-of-care for persistent 
hypoxemia despite standard oxygen therapy [14]. Published experiences report dif- 
ferent percentages of NIV utilization ranging from 20% in China [15], 11% in Italy 
[16], and from 0% to 19% in the USA [17]. 

CPAP use in COVID-19 has been prematurely questioned [18] mainly because 
existing evidence for CPAP in severe ARDS is conflicting, and much of it was ini- 
tially based on non-COVID-19 pathology [19]. Despite the theoretical strong ratio- 
nale for the use of NIV support to effectively increase functional residual capacity 
and reinflate collapsed alveoli in patients with pulmonary infiltrates resulting in 
ventilation/perfusion matching improvement [20, 21], the main concern was the 
possible rapid deterioration of hypoxemia and the higher rate of endotracheal intu- 
bation [22]. Despite the lack of specific recommendations, CPAP delivered by hel- 
met has been extensively used in Italy during the COVID-19 pandemic, mainly for 
its relative simplicity of setting up and the better for an excellent patient’s compli- 
ance observed in comparison to others interfaces and the minimal dispersion of 
infective droplets (especially with double limb circuit and a good seal at the neck- 
helmet interface) [23]. A published consensus of Italian pneumologists [24] sug- 
gests as first choice the utilization of CPAP helmet with PEEP 10-12 cm H20 
without humidification, followed by CPAP with a mask and NIV with an oronasal 
face mask, through high-performance ICU ventilators or, if these are lacking, dedi- 
cated NIV platforms or home ventilators. 

Some experiences from China suggest that early usage of high-flow nasal can- 
nula (HFNC) and NIV, associated or not with prone positioning can reduce mortal- 
ity and the need for intubation [25]. In the case of different clinical presentations of 
COVID-19 (e.g., concomitant COPD or ACPE), the utilization of NIV as first- 
choice treatment could be recommended [26]. 

In a recent observational study [14], an initial trial of CPAP in selected patients 
with no ceiling-of-care appears a reasonable strategy to reduce or postpone the 
necessity of intubation. Due to poor lung recruitability, the use of high PEEP is 
unnecessary, and some authors argue that the high compliance of the respiratory 
system in combination with high PEEP will lead to hyperinflation, high dead space, 
and potentially right ventricular failure [27]. 
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A recently published interim analysis of the international, multicenter HOPE 
COVID-19 registry [28], evaluated the primary composite endpoint of death or 
need for intubation of 390 patients treated with NIV. Compared with those receiv- 
ing other noninvasive oxygen strategies, patients receiving NIV showed signifi- 
cantly worse clinical and laboratory parameters of acute respiratory failure at 
admission but more than half of these patients survived without the need for 
intubation. 

The guidelines published during the last years [26, 29-32] give quite contrasting 
recommendations about when and how to use NIV techniques. However, the recent 
interim guidance published by WHO on January 2021, recommends a trial of 
HENC, CPAP, or bilevel positive airway pressure (BiPAP) in selected patients with 
COVID-19 and mild ARDS [33], who remain hypoxemic despite standard oxygen 
therapy (via nasal prongs or Venturi face mask). 

Various randomized controlled trials are underway to identify the most effective 
strategy of noninvasive pressure support in COVID-19 in terms of modalities, the 
timing of utilization and interfaces in reducing the need for intubation. 


Prone Position in Awake Patients 


Due to its ease of use, prone positioning (PP) has been frequently used in conscious, 
nonintubated patients, admitted for pneumonia and respiratory failure as a feasible 
tool to reduce respiratory distress, improve oxygenation, and decrease the need for 
intubation. Since the beginning of the COVID-19 pandemic, this strategy has 
become very popular in China and promptly spread within West countries. The 
supine position negatively affects ventilatory mechanics because the pulmonary and 
cardiac structures inside the chest, as well as abdomen, decrease compliance and 
functional residual capacity (FRC), increase the risk of atelectasis and shunts which 
facilitate hypoxemia and alveolar hypoventilation [34]. Multiple studies conducted 
during the pandemic [35-39], revealed the efficacy and safety in terms of intubation 
reduction, of a combined approach (PP and NIV or HFNC) in patients with moder- 
ate to severe ARDS. It must be stressed, however, that various protocols were 
adopted within studies, with considerable differences in terms of PP duration that 
generally was not standardized but based on the patient’s tolerance. Besides, one 
prospective observational cohort study found no benefit with PP in terms of reduc- 
ing the intubation rate [40]. 

In a recent paper by Sodhi et al. [41], a practical approach is described, empha- 
sizing the importance of full consciousness of patients that can be safely self-prone 
(or with minimal assistance). Alternative lateral and semi-prone positions may be 
attempted if the prone position is not feasible. Continue monitoring of vital param- 
eters is crucial to avoid any complications and to promptly recognize early signs of 
deterioration. Randomized controlled studies are required to confirm the current 
theoretical benefits of this therapy. 
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Safety Issues: NIV Outside the ICU and Risk 
of Staff Contamination 


An important concern regarding NIV utilization was related to the increased risk of 
viral transmission droplets’ spread, with increased risk of infection for health 
workers. 

Because of the lack of ICU beds and to try to keep separated COVID patients 
from the others, the Italian Societies of Respiratory Medicine suggested a protocol 
to provide ventilatory support in dedicated respiratory COVID units reinforced by a 
more elevated number of nurses and noninvasive monitoring [42]. 

This is a fundamental issue because it could help to free up ICU beds but the less 
intensive monitoring of these patients risks increasing the rate of endotracheal 
intubation. 

It is substantial to keep in mind that NIV delivery is another challenge for the 
clinician and the staff: a highly time-consuming technique that requires specific 
skills to be performed. 

Franco et al. [43] published a series of 670 consecutive patients treated with 
noninvasive respiratory support outside the ICU, demonstrating favorable out- 
comes. That was the first observational, large multicenter study that showed that the 
application of noninvasive respiratory devices outside the ICU is workable, but is 
associated with a risk of staff contamination. 

Biohazardous aerosols are routinely generated in hospitals by processes such as 
breathing, coughing, sneezing, and during some procedures like delivery of medica- 
tion by nebulization, endotracheal intubation, NIV, tracheotomy, and bag ventila- 
tion and may expose healthcare workers to bacterial/viral pathogens causing acute 
respiratory infections [20]. 

One of the critical concerns of using bioaerosol-generating devices is that health- 
care workers are at elevated risk of contracting the infection and thus most interna- 
tional guidelines recommend being cautious or even contraindicate their use 
[26, 29-32]. 

The helmet may give advantages over the face mask: it can minimize virus spread 
within treatment facilities [44] and it can be used without a ventilator connected to 
fresh gas flow [45] even if it has to be considered that some hospitals may have dif- 
ficulties in coping with the high oxygen flow demand [20]. 

It has been demonstrated that the helmet is the preferred NIV interface to reduce 
leakage and droplet contamination (NIV configuration with double limb circuit), 
especially the model provided with a neck seal [46]. 

Recent data show that HFNC did not increase the spread of exhaled air despite 
operating at higher flow rates, probably because of the reduced positive end- 
expiratory pressure (PEEP) generated [45]. 

The proper selection of nonvented interfaces or helmet for delivering NIV/CPAP 
and the application of a surgical mask when using HFNC are crucial to reduce the 
risk of viral droplets dispersion with the risk of transmitting the infection to 
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healthcare workers who should constantly use personal protective equipment to 
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shelter themselves [47]. 


Conclusions 


To sum up, the use of NIV to treat COVID-19 patients remains controversial and 
complex to perform because of the many variables involved and the high attention 
needed to ensure an effective treatment while avoiding further damage to the lungs. 
To date, there is still no clear strategy and NIV treatment must be tailored to each 


patient by analyzing their pathophysiological characteristics. 


Key Messages 


Careful monitoring work of breathing and clinical respiratory trend. 
Choose CPAP or NIV based on patient’s medical history (es. COPD) and 
also on availability of hospital equipment and staff. 

Do not use additional HME/HEPA filters on expiratory branch after PEEP 
valve to avoid an unintentional increase in the peep amount delivered. 
Rotate interfaces to improve tolerance and avoid pressure sore. 

Prompt identification of failure is mandatory to avoid harm. 

Clear plan in advance for treatment failure. 

Deteriorating patients, or patients who do not improve rapidly within one 
or two hours of starting CPAP/NIV, should be considered for early endo- 
tracheal intubation and IMV. 

In order to minimize virus spreads, negative pressure single rooms (when 
possible) are preferable for patients receiving NIV. 

To escalate CPAP/NIV, start with PEEP reduction to the lowest possible 
value (as soon as the patient reaches clinical and respiratory stability) 
maintaining a FiO, value not higher than 50% and observing the P/F ratio. 
Consider CPAP/NIV for weaning from IMV. 
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Immunodeficiency 


Immunodeficiency is a state in which the immune system’s ability to defend the 
body against pathogens or cancer cells is compromised or absent [1]. This condition 
predisposes the organism to develop infections, autoimmune disorders, immune 
dysregulation, lymphoproliferation, inflammatory disorders, lymphomas, and other 


F. Alessandri (2) - F. Pugliese 

Department of General and Specialistic Surgery, Intensive Care, Policlinico Umberto I, 
“Sapienza” University of Rome, Rome, Italy 

e-mail: francesco.alessandri @ uniromal| .it 


G. Ceccarelli 

Department of Public Health and Infectious Diseases, “Sapienza” University of Rome, 
Rome, Italy 

e-mail: giancarlo.ceccarelli@uniromal .it 


A. Del Bianco 

Department of Emergency, Critical Care Medicine and Trauma, Policlinico Umberto I, Rome, 
Italy 

e-mail: A.Delbianco @ policlinicoumberto1 it; f.pugliese @ uniromal1.it 


© The Author(s), under exclusive license to Springer Nature 195 
Switzerland AG 2023 

A. M. Esquinas (ed.), Noninvasive Mechanical Ventilation in High Risk 

Infections, Mass Casualty and Pandemics, 

https://doi.org/10.1007/978-3-03 1-29673-4_22 


196 F. Alessandri et al. 


types of cancer [1]. Immunodeficiency disorders can be classified into two catego- 
ries depending on the hereditary or acquired nature of the disease [2]. The primary 
immunodeficiencies are rare and genetic disorders typically diagnosed during 
infancy or childhood; however, in some patients, these are evident in adulthood. It 
is a heterogeneous group of about 400 diseases divided by the Primary 
Immunodeficiencies Classification Committee of the International Union of 
Immunology Societies (IUIS) in eight groups (nine if phenocopies are included), 
according to the affected immune component and the genetic defect: antibody or 
complement deficiencies, along with the recently added categories that include dis- 
eases of immune regulation, innate immunity, and autoinflammatory syndromes [2]. 
The secondary immunodeficiencies are caused by drugs and immunosuppressive 
treatments (i.e., cytotoxic chemotherapy, bone marrow ablation before transplanta- 
tion, radiation therapy), systemic and long-term diseases (i.e., diabetes, undernutri- 
tion), or human immunodeficiency virus (HIV), and other infections. The incidence 
of patients affected by these disorders is higher than that of patients with primary 
immunodeficiency. These disorders generally develop in adults [3] (Table 1). 
While the prognosis of patients with primary immunodeficiency disorders is 
extremely variable and depends on the condition, for many secondary immunode- 
ficiency disorders, the advances in surgical techniques, the use of innovative immu- 
nosuppressive strategies, and the optimized chemoprophylaxis have dramatically 
improved the prognosis for these patients. This extended the applicability of solid 


Table 1 Immunodeficiency disorders: primary immunodeficiency disorders may be caused by 
mutations, sometimes in a specific gene; secondary disorders generally develop later in life and 
often result from use of certain drugs or from another disorder 


Primary immunodeficiency Secondary immunodeficiency 
Antibody production defects Infections 
X-linked agammaglobulinemia HIV/AIDS 
Common variable immune deficiency (CVID) Therapies 
Selective deficiency of Iga Chemotherapy 
Immunodeficiencies affecting cellular immunity Nonsteroidal anti-inflammatory drugs 
Di George syndrome Antiepileptic drugs 
Ataxia-telangiectasia Immunosuppressive therapy 
Combined immunodeficiencies with syndromic Hematological disorders 
features 
Severe combined immune deficiency (SCID) Medullary aplasia 
Phagocytic cell immune defects Multiple myeloma 
Chronic granulomatous disease Chronic lymphocytic leukemia 
Cyclic neutropenia Hodgkin’s lymphoma 
Complement defects Splenectomy 
Hereditary angioedema Gastrointestinal losses 
Inflammatory bowel disease 
Chronic diarrhea 
Others 
Neoplasms 
Diabetes mellitus 
Low-calorie/hypoprotein malnutrition 
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organ transplantation to an increased number of chronic patients suffering from 
end-stage organs failure [4]. Antiretroviral therapy (ATR) improved the average 
life expectancy in human immunodeficiency virus infected person (HIV+) and evi- 
dence suggests that more HIV patients die from ATR-related toxicity than from the 
disease itself [5]. Despite this increase in survival rate, secondary infections are a 
major cause for concern and respiratory complications remain the main cause of 
morbidity and mortality, along with acute organ rejection or dysfunction [6]. In 
these patients, different processes may induce acute respiratory failure, such as 
immunocompromised-related opportunistic infections, pulmonary damage sec- 
ondary to malignancy, drug-related pulmonary toxicity, or other unidentified causes. 


Lung Involvement 


Approximately 5% of patients undergoing renal, hepatic, cardiac or pulmonary 
transplantation develop pneumonia after the procedure. The use of aggressive 
immunosuppressive treatments has increased the survival rates, nevertheless, an 
extended survival is counterbalanced by an increased susceptibility to infection, 
often due to opportunistic agents [7]. Immunoglobulins are involved in the defense 
of the huge surface of the lungs and play an important role in protecting the airways 
from infections; each class have a different and specific role: IgA and IgM act at the 
level of the upper and lower airways, while IgG to the alveolar level [8]. Most con- 
genital immunodeficiencies are characterized by primary IgG and IgA deficiency; 
this predisposes patients to continuous infections, mostly by pyogenic bacteria. 
These disorders include: the Combined Immunodeficiency, the X-linked 
Agammaglobulinemia (Bruton’s Syndrome), and the Selective deficiency of IgA [8]. 

Immunosuppressed patients are often prone to sinusitis or upper respiratory tract 
infections. These recurrent conditions increase the susceptibility of the pulmonary 
mucosa to pathogens, and therefore to lower respiratory tract infections. Capsulated 
bacteria such as Haemophilus Influenzae, Streptococcus Pneumoniae, Pseudomonas 
Aeruginosa, and virus such as Rhinovirus, are the most common pathogens causing 
recurrent infections in these patients. Recurrent infections of the respiratory tract, 
both upper and lower, along with the continuous inflammatory insult that affects the 
mucosa, subsequently induce a chronic injury of the lung tissue [9]. Bronchiectasis 
occurs frequently in cases of immune chronic deficiencies. These phenomena, as 
well as providing a site collection of bacterial floras, interfere with physiological 
defense mechanisms of the guest, altering the physical barriers of the mucous mem- 
brane and producing an additional incentive for the recurrent infections of respira- 
tory tract [10]. 

Gram-positive cocci and Gram-negative bacilli cause the most virulence pneu- 
monia: Streptococcus pneumoniae is typically linked to humoral immunity defi- 
ciency, while enveloped bacteria such as staphylococci, streptococci, and 
pneumococcus mostly cause pneumoniae in B-type lymphocytes immunodeficien- 
cies. Encapsulated bacteria (Streptococcus pneumoniae) are also a frequent cause of 
pneumonia in patients affected by T-type lymphocytes immunodeficiencies, when 
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cellular immunity is involved, often along with the B-type lymphocytes and the 
humoral response. Furthermore, the alteration of the cell-mediated component, such 
as in Di George’s Syndrome, X-linked lymphoproliferative syndrome, induces to 
viral, protozoal, fungal, and other common opportunistic infections. 

Several opportunistic viruses are involved in the infections of immunocompro- 
mised patients, especially in such conditions in which cell-mediated immunity is 
compromised (organ transplant carriers, lymphatic tissue neoplasms, antineoplastic 
chemotherapy). CMV pneumonia is a bilateral interstitial pneumonia characterized 
by a high mortality. CMV is an excellent parasite and easily establishes a permanent 
and latent infection, even in the healthy population. It can be reactivated in a third 
of hospitalized patients, increasing the hospital stay and the mortality rate of patients 
admitted to the ICU [11]. Furthermore, CMV reduces the activity of T lymphocytes 
favoring superinfections of other opportunistic pathogens such as Pneumocystis 
Jirovecii. Other viruses cause infections in patients with cell-mediated immunity 
immunodeficiencies: Adenoviruses, Respiratory Syncytial Virus, Human 
Parainfluenza Viruses, Human rhinoviruses, Measles virus, Herpes simplex virus, 
and Human herpesvirus-6. Varicella-zoster causes an interstitial pneumonia associ- 
ated with multinucleated giant cell formation and pulmonary hemorrhages. 
Coronaviruses’ infections worsen respiratory function during the second week of 
illness and progress to acute respiratory distress syndrome (ARDS). Influenza 
viruses can cause a primary pneumonia, or a secondary bacterial pneumonia co- 
infection (mixed pneumonia) [12, 13]. 

Candida and Aspergillus are frequent in immunocompromised patients. These 
fungi are ubiquity in the environment and are readily acquired by immunocompro- 
mised hosts [14]. Although Candida is the most important opportunistic pathogenic 
fungus in immunocompromised patients, Candida pneumonia is a relatively rare 
event. Lung involvement of Candida species is often part of the picture dissemi- 
nated disease with involvement of almost all the main systems. On the other hand, 
more than 80% of invasive aspergillosis involve the lungs. Primary pneumonia 
spread by Coccidioidomycosis can occur when cellular immunity is severely 
depressed, such as in patients with AIDS, chronic corticosteroid therapy or alloge- 
neic solid organ transplantation. Inhalation is the main route of infection for 
Cryptococcus, Mucorales, Aspergillus, and other opportunistic fungi. Progressive 
Disseminated Histoplasmosis (PDH) is an acute and fatal pathology, with diffuse 
interstitial or reticulonodular pulmonary infiltrates causing respiratory failure and 
shock [14]. Among fungi, Pneumocystis Jirovecii commonly colonizes immuno- 
suppressed patients or patients with COPD. Deficits of cellular and humoral immu- 
nity are predisposing factors. It is a dangerous cause of pneumonia in patients who 
receive immunosuppressive therapy for cancer or organ transplants, biological 
agents, or in children with congenital immunodeficiencies. HIV infection and AIDS 
today represent a real pandemic, 38 million people are living with the virus to date, 
and in 2019 alone there were 1.7 million new diagnoses [15]. The clinical manifes- 
tations of AIDS are due to an increased susceptibility to infections and some types 
of cancer. The immune deficit is borne by the T Helper lymphocytes and therefore 
involves cell-mediated immunity; the most serious and _ life-threatening 
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complications occur in patients with CD4+ T cell counts below 200/L. Acute bron- 
chitis and sinusitis are frequent during all stages of HIV infection, and lung involve- 
ment is one of the most frequent complications. Patients often develop opportunistic 
infections by intracellular microorganisms, such as Mycobacterium Tuberculosis 
(this is the most common opportunistic infection worldwide), atypical Mycobacteria, 
Pneumocystis Jirovecii, CMV, and other viruses. Legionella, Chlamydia, 
Streptococcus Pneumoniae, and Haemophilus Influenzae are responsible for most 
bacterial pneumonia. In 40-70% of AIDS patients who die from toxoplasmosis, the 
lung is involved. The pulmonary picture can easily be confused with Pneumocystis 
Jirovecii pneumonia. 

Two forms of idiopathic interstitial pneumonia have been identified in HIV- 
infected patients: lymphocytic interstitial pneumonia (LIP) and nonspecific intersti- 
tial pneumonia (NIP). Other causes of pneumonia in AIDS patients are: Histoplasma, 
Blastomycosis, Cryptococcus Neoformans, Trichosporon, Mucormycosis [15]. 

The immunocompromised patients, affected by acute respiratory failure, present 
nonspecific respiratory symptoms such as fever, cough or dyspnea. In some cases, 
physical examination does not detect areas of dullness or rales, although tachypnea, 
dyspnea, and dry cough suggest lung involvement. In severe immunodeficiency, 
symptoms of lung infection can be silent. When a severe respiratory failure occurs, 
the clinical manifestations are dramatic: dyspnea at rest, tachypnea (respiratory rate 
>30 breaths/min), and a ratio of the partial pressure of arterial oxygen to the fraction 
of inspired oxygen (PaO,/FiO,) <200, along with a general discomfort and 
air hunger. 


NIV (Noninvasive Ventilation) in Acute 
Immunodeficiency Disease 


Once immunodeficiency patients develop respiratory symptoms, they often require 
intubation, mechanical ventilation, and intensive care unit (ICU) admission. A 
growing evidence of the literature shows that invasive mechanical ventilation (IMV) 
significantly increases mortality rate ranging from 30% up to 90%. 

Noninvasive ventilation (NIV) emerges as an alternative to IMV in the treatment 
of these patients [16]. The application of PEEP increases lung recruitment, improves 
oxygenation, and reduces respiratory rate and muscle fatigue which are causes of 
dyspnea. On the other hand, NIV protects from ventilator-associated pneumonia, 
excessive sedation, upper-airway injuries, and tracheomalacia, which are dangerous 
side effects related to endotracheal intubation and IMV even in immunocompetent 
patients [17]. NIV keeps an intact upper airway reflexes and therefore maintains 
airway defense mechanisms, which are important for immunocompromised patients 
who are especially vulnerable to nosocomial infections. Indications for NIV include 
moderate and severe dyspnea, tachypnea (respiratory rate >24 breaths/min), the use 
of accessory muscles, abnormal abdominal movements, compromised gas exchanges 
hypoxemia (PaO,/FiO, ratio <200), and/or hypercapnia (PaCO, >45 mmHg) along 
with respiratory acidosis (pH <7.35) [17]. Absolute contraindications to NIV are 
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coma, lack of spontaneous breathing, inability to fit the mask, anatomical or func- 
tional airway obstruction. Relative contraindications include: hemodynamic insta- 
bility (e.g., hemorrhagic or cardiogenic shock), uncooperative and agitated patient, 
massive retention of secretions, recent upper airway surgery [17]. The selection of 
a comfortable interface is a main point to successfully deliver positive pressure 
ventilation by NIV and prevent potential complications caused by an inappropriate 
device: air leaks, eye irritation, skin breakdown, claustrophobia, facial skin ery- 
thema, and acneiform rash are causes of NIV failure [17]. In a case-control study 
designed to compare the efficacy of NIV delivered by helmet or face mask in immu- 
nocompromised patients with hypoxemic acute respiratory failure, there was no 
difference between the two devices in avoiding endotracheal intubation, improving 
gas exchange, and rate of complications related to NIV [18]. Helmet can be more 
comfortable in a prolonged treatment, but the risk for a worst patient-ventilator 
synchrony and increased CO, rebreathing, due to the higher dead space, have to be 
considered. The most common types of NIV are continuous positive airway pres- 
sure (CPAP) and bilevel positive airway pressure (BIPAP). In patients supported 
with NIV, mechanical ventilation is usually delivered by pressure support ventila- 
tion [17]. Pressure support is set according to patient’s needs; the level of PEEP 
generally ranges between 5 and 10 cm H,O according to the level of hypoxemia. 
CPAP mode, which is a spontaneous breathing plus PEEP, is preferred when muscle 
fatigue is not associated with hypercapnic respiratory failure. In our experience, the 
continuous application of NIV, at least for the first 24 h of treatment, should be fol- 
lowed by intermittent application after initial improvement, depending on the clini- 
cal condition. 


Evidence of the Literature 


Several prospective observational and randomized control studies suggested the use 
of NIV in immunocompetent patients with different acute hypoxemic respiratory 
failure and compared the efficacy of this approach with IMV [19]. In the early 
2000s was demonstrated that the use of NIV prevents endotracheal intubation in 
immunocompromised patients with acute respiratory failure due to infectious com- 
plications [20-22]. In a single-center RCT, published by Hilbert et al., 52 immuno- 
compromised patients with pulmonary infiltrates, fever, dyspnea at rest, respiratory 
rate >30 breaths/min, and PaO,/FiO, <200 mmHg were enrolled and randomly allo- 
cated to receive either standard oxygen treatment via facemask or intermittent 
NIV. The group treated with NIV had lower rates of endotracheal intubation and 
in-hospital mortality than the standard oxygen group [21]. Similar results were 
described in patients with lung transplantation: several case series reported no sig- 
nificant side effects patients affected by acute respiratory failure treated with NIV 
[20]. Antonelli et al. confirmed the efficacy of NIV in reducing ICU mortality and 
the need of IMV in a cohort of 40 immunocompromised patients after solid organ 
transplantation with hypoxemic respiratory failure compared with standard oxygen 
treatment delivered by Venturi mask. NIV via face mask was well tolerated and 
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avoided intubation in 18 out of 21 patients developing ARF after bilateral lung 
transplantation [21]. 

Although a large number of case series and observational studies suggest that 
NIV could reduce the rate of intubation and thus the associated infections in immu- 
nocompromised patients, randomized controlled trials (RCTs) are still very limited 
[23]. The 2011 Canadian guidelines made a weak recommendation (grade 2B) 
favoring the use of NIV in immunocompromised patients with acute respiratory 
failure [24]. This recommendation remains controversial. The role of the early 
application of NIV was investigated in 86 patients with hypoxemic respiratory fail- 
ure after allogeneic hematopoietic stem cell transplantation. This strategy did not 
improve the rate of endotracheal intubation, ICU admission, or patient survival [25]. 
In a multicenter randomized trial conducted in 28 French and Belgian ICUs, in 374 
critically ill immunocompromised patients with hypoxemic acute respiratory fail- 
ure, Lemiale et al. compared early NIV with oxygen therapy alone [26]. The authors 
showed that NIV did not reduce 28-day mortality, rate of endotracheal intubation 
and time to intubation, [CU-acquired infections, duration of mechanical ventilation, 
length of stay in ICU and hospital. In the 2000s, the high mortality rate of mechani- 
cally ventilated patients with immunodeficiency was close to 80%, but the advance- 
ments in prognosis of immunocompromised ICU patients and expertise in the field 
of NIV have improved over recent years; this is probably the reason why in the 
study of Lemiale et al. the lower mortality rate than expected in the control group 
reduced the power of the study [26]. 

Growing evidence present high-flow oxygen therapy in critical care and recent 
studies have shown a better prognosis in acute respiratory failure patients [27]. The 
introduction of HFNC in the acute hypoxemic respiratory failure has remarkably 
reduced the need of mechanical ventilation: it can deliver up to 100% of heated and 
humidified fraction of inspired oxygen at a maximum flow rate of 60 L/min (signifi- 
cantly higher than the one delivered via facemask). Patients with severe respiratory 
distress often require inspiratory flow rates ranging between 30 and 120 L/min and 
facemask is inappropriate. HFNC improves carbon dioxide clearance from the 
nasopharynx, reduces dead space, and provides PEEP. The heated and humidified 
airflow delivered is a comfortable oxygen therapy for the patient. A secondary anal- 
ysis of the FLORALI trial highlighted that in 82 immunocompromised patients with 
acute respiratory failure treated with HFNC, the rate of intubation was lower than in 
patients treated with NIV [28]. However, these results were not confirmed by the 
post hoc analysis of Lemiale et al. study in which HFNC was neither associated 
with a lower intubation rate nor day-28 mortality [26]. In a retrospective study, Kim 
WY etal. evaluated 52 patients affected by non-HIV-related Pneumocystis pneumo- 
nia with acute respiratory failure and treated with HFNC [29]. Patients supported by 
HFNC should be closely monitored especially when associated with organ dysfunc- 
tion; an early oxygenation improvement was not demonstrated. In contrast to recent 
data, Mokart et al. published a propensity score analysis based on specific charac- 
teristics at ICU admission of 178 cancer patients with acute respiratory failure: 76 
patients were treated with HENC-NIV, 74 with standard NIV, eight with standard O, 
alone, and 20 with HFNC alone [30]. After adjustment for the propensity score, 
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HFNC-NIV was independently associated with improved survival ventilator-free 
days and day-90 mortality was significantly in favor of HFNC-NIV patients than in 
other groups. Intubation rates at day 28 were similar in the two group of patients 
[30]. The EFRAIM study was a multinational observational prospective cohort 
study performed in 68 centers, to assess the impact of initial management on IMV 
and mortality rate [31]. Among 1611 patients enrolled, 915 (56.8%) patients were 
not intubated at the admission: 496 (54%) patients received standard oxygen, 187 
(20%) HFNC, 153 (17%) NIV, and 79 (9%) NIV + HFNC. Patients who received 
HENC, but not NIV, reduced the incidence of IMV, ICU, hospital, and day-90 mor- 
tality rates [31]. 

NIV is not the appropriate choice for all immunocompromised patients and for 
different forms and severity of acute respiratory failure. In ARDS patients, for 
instance, the choice of NIV versus IMV for immunocompromised patients, espe- 
cially for relatively severe is still controversial. The post hoc subgroup analysis of 
the Large Observational Study to Understand the Global Impact of Severe Acute 
Respiratory Failure (LUNG SAFE study) described the epidemiology, clinical char- 
acteristics, ventilatory management, and outcomes of ARDS in the subset of patients 
with clinically significant immunodeficiency [32]. ARDS frequently occurs in 
immunocompromised patients: 29% had mild, 46% moderate, and 25% severe. 

ARDS, and the most common cause for ARDS were infections (pneumonia in 
71%, nonpulmonary sepsis 16%). NIV is the first-line ventilatory strategy in immu- 
nocompromised patients affected by ARDS. The outcome of ARDS is worse than in 
general population; however, limitation of life-sustaining measures is more frequent 
in immunocompromised patients. The incidence of NIV failure is significantly 
higher in immunocompromised patients than in immunocompetent patients. 
Furthermore, immunocompromised patients with ARDS had a significantly worse 
mortality than patients successfully managed with NIV; however, mortality of NIV 
failure patients was not different from that of the patients managed ab initio with 
IMV [32]. 

Respiratory rate, oxygenation index (OJ), and oxygen saturation were investi- 
gated in order to indicate a patient population at risk for the development of lung 
injury and select target patients to apply an early NIV strategy. Efficacy of NIV on 
patients depends on disease severity, causes of immunodeficiency, and severity of 
acute respiratory failure. In a recent systematic review and metanalysis based on 13 
observational studies (2552 patients), NIV could significantly reduce mortality, 
length of hospitalization/ICU stay, and nosocomial infections mainly in less severe 
patients with a Simplified Acute Physiology Score II (SAPSII) <60, AIDS, and 
hematological malignancy subgroups, with quality of evidence from very low to 
moderate [33]. On the other hand, any significant advantages were demonstrated in 
relatively more severe patients treated with NIV when compared with IMV. Timing 
has been indicated as an important factor in order to improve the outcome of patients 
treated with NIV: disease severity, respiratory rate under NIV, delayed initiation of 
NIV treatment, need for vasopressors or renal replacement therapy have been pro- 
posed to be used as predictors of NIV failure in immunocompromised patients, but 
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none of them have been identified as discriminating factor and the cut-off point to 
convert NIV to IMV is still unclear. 


Conclusions and Perspectives 


In immunocompromised patients, the inconclusive literature is explained by differ- 
ent elements: early NIV is not associated with survival benefits, and could be poten- 
tially harmful when endotracheal intubation is delayed. Despite the role of HFNC is 
still debated, immunocompromised patients treated with HFNC have a lower motr- 
tality than patients treated with NIV [31]. Among the growing and aging population 
with HIV, ICU care requirement increased and their management have been imple- 
mented, therefore mortality has decreased in patients receiving mechanical ventila- 
tion. Furthermore, high tidal volumes and high transpulmonary pressures, delivered 
by NIV to hypoxemic immunocompromised patients with high respiratory drives, 
are the causes of self-induced lung injury and worse the respiratory status. For all 
these reasons, better patient selection, earlier identification of failure, and improve- 
ment in ventilation techniques are going to limit much more the impact of NIV 
failure on mortality of these frail patients in the future. 
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Introduction 


Legionella bacteria are aquatic bacterium and require intracellular environment in 
order to replicate. They are one of the substantial causes of community-acquired 
pneumonia and called Legionnaires’ disease which is a form of atypical pneumonia. 

Legionnaires’ disease is both a cause of hospital and community-acquired pneu- 
monia. It is reported amongst the most common three causes of community-acquired 
pneumonia [1-3]. 

Legionnaires’ pneumonia is often associated with high morbidity and requires 
critical care admission. 

A multicenter study amongst 214 hospitals reported that patients diagnosed with 
Legionnaires’ disease had 47% moderate/severe pneumonia (Pneumonia severity 
index 4-5), 18% of the patients were admitted to critical care unit [4]. Other case 
series had a critical care admission rate of 44%. Even tertiary centers have a mortal- 
ity rate of 1-10% [2, 4, 5]. Recently due to early recognition and targeted treatment 
of the cause, mortality rates dropped significantly [2, 6]. 

Centers for Disease Control and Prevention (CDC) reported 2809 Legionnaires’ 
disease in 2015. Amongst those 3% is reported to be associated with health facilities 
and 17% is reported to be probably associated with health facilities. Among health 
facility-related cases, 88% is older than 60 years old. Mortality rate is 25% among 
health care-related cases and 10% among suspected health care-related cases [7]. 
Legionnaire’s disease should especially be suspected in hospitals, hotels, apart- 
ments where huge water storages exist and water stay stagnant. Smoking, chronic 
obstructive pulmonary disease (COPD), diabetes, chronic corticosteroid therapy, 
and immunocompromised diseases are known risk factors for Legionnaires’ dis- 
ease [8]. 

Legionnaires’ disease shows up typically with myalgia, fatigue, fever, and shiv- 
ering after 2-10 days of incubation period. Initially almost every patient has dry 
cough. Neurologic and gastrointestinal symptoms are prominent. Fever typically 
exists in 98% of the cases, in 20-60% of the cases it is more than 40 centigrade 
Celsius. Severe Legionnaire’s pneumonia is widely stressed with bradycardia [9]. 

Laboratory findings may show leukocytosis or leukopenia with left shift with 
thrombocytosis or severe intravascular coagulopathy with thrombocytopenia. High 
erythrocyte sedimentation rates and C-reactive protein levels are expected. High 
aminotransferases and hyponatremia are much more associated with Legionnaires’ 
pneumonia in adults. Main diagnostics for Legionnaire’s disease are nucleic acid 
detection, polymerase chain reaction (PCR), urine antigen test, and culture. 

L. pneumophila antigen which is widely present in urine and pleural fluid is best 
detected with urine antigen test which is fast, cheap, practical, and most preferred. 
It has 70% sensitivity and 100% specificity [10]. Sensitivity is increased when urine 
specimens are concentrated with ultrafiltration and if taken in the first 7 days of 
pneumonia. Despite appropriate antibiotherapy, test may come positive for weeks. 
Sputum cultures are 80% sensitive and 100% specific. Bronchoalveolar lavage cul- 
tures are >90% specific. PCR tests are more preferred as they have high diagnostic 
sensitivity and can diagnose subtypes of Legionnaire’s. Radiologic findings are 
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commonly nonspecific in Legionnaire’s pneumonia and cannot be differentiated. 
Despite a normal initial radiography, patchy consolidations may show variations to 
nodular and multilobar and homogenous infiltrates [10, 11]. Local complications 
are rare, they include empyema and abscess. 


Treatment 


When aiming to treat community-acquired pneumonias, we generally choose an 
empiric antibiotic regime that covers Legionella (e.g., fluoroquinolones, macro- 
lides, tetracycline). Empirical and additional antibiotic decisions are made due to 
epidemiological differences and comorbidities [12]. Additionally, observational 
data lead to that delayed appropriate antibiotherapy which is associated with 
increased mortality in community-acquired Legionella spp. pneumonia patients 
[13, 14]. Levofloxacin and azithromycin are preferred antibiotics in Legionnaires’ 
disease, because they are bactericidal. They reach high intracellular levels and pen- 
etrate pulmonary tissue successfully. They are useful against all Legionella species. 
Optimum duration of therapy is not recommended for Legionella. It depends on the 
choice of therapy and the severity of illness. Steroids are used since Legionnaires’ 
disease is associated with severe inflammatory response. Indication of steroid use is 
similar with any severe pneumonia. Most patients with Legionnaires’ diagnose 
respond to therapy within 2—5 days. Extrapulmonary infection, pulmonary abscess, 
and empyema should be kept in mind in patients those who respond poorly. It is well 
known that Legionella pneumophila is responsible for severe pneumonia and 
immune-mediated extrapulmonary invasion [15]; hence, many clinicians admit 
these patients to critical care units and mechanically ventilated [16]. Severe 
Legionnaire’s pneumonia has a mortality rate of 30%. Poor outcome is associated 
with patient comorbidities. Septic shock, severe respiratory failure, and hyponatre- 
mia are poor prognostic factors. 


NIMV in Legionnaires’ Disease 


Noninvasive mechanical ventilation (NIV) has started to be used more often in 
severe community-acquired pneumonia in critical care environments [15]. Risks of 
unsuccessful NIV are still not prominent [17]. Since the recent Covid-19 pandemic, 
there has been more publications citing successful NIV treatments [18]. 

One multicenter observational study related with influenza virus infected hypoxic 
ventilatory failure patients showed increased mortality of noninvasive mechanical 
ventilation. Eight hundred and six patients out of 1898, who have been treated with 
NIMV failed and needed invasive mechanical ventilation [19]. 

In a 14-center cohort study of 302 patients diagnosed with Middle East 
Respiratory Syndrome (MERS), more than 90% of patients who were treated with 
NIMV failed and required invasive mechanical ventilation. Nonetheless, use of NIV 
was not independently associated with 90 day mortality [20]. 
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It may also be important due to a study that helmet, instead of face masks can 
also increase success of NIV. Single-center randomized clinical trials of 83 patients 
with acute respiratory distress syndrome (ARDS) requiring NIV are randomly 
enrolled to face mask or helmet group. There were significantly reduced intubation 
rates in helmet group. The trial is terminated early based on predefined efficacy 
measures [21]. 

There is also risk of aerosol spread while NIV treatment is ongoing. Physicians 
or critical care nurses are under risk of nosocomial transmission during interven- 
tions and intubation [22]. 

There is much controversy about the use of noninvasive mechanical ventilation 
in severe community-acquired pneumonia. There are published cases that make cli- 
nicians more hopeful and show good benefit of cost and critical care utilization [23]. 

NIV therapy in severe pneumonia is not a common practice. Considering 
Legionnaire’s pneumonia may go 50% severe, NIMV for Legionnaire’s pneumonia 
may also be not convenient because it may delay invasive mechanical ventilation if 
not followed up closely [24]. 

A few publications refer that NIV therapy has been successfully used in 
Legionnaires’ disease, increased P/F ratio, and prevented invasive mechanical ven- 
tilation [23, 25, 26]. 

Considering cost measures, ventilator-associated pneumonia, duration of critical 
care stay, it would be among best practices to use NIMV for Legionnaire’s pneumo- 
nia where ventilatory safety is ensured, blood gas studies are done accordingly, and 
patient is monitored closely. It could be wise to at least start with NIMV. Whenever 
placing the patient to NIMV, consciousness, density of secretions, Apache score and 
blood gas Ph should be foreseen and monitored closely. 

Although there are few published cases, hypoxemic legionella pneumonia can be 
treated with noninvasive mechanical ventilation. Effort is still being shown. 
Avoiding invasive mechanical ventilation decreases critical care stay, mortality, and 
ventilator-related pneumonia. As a fact noninvasive mechanical ventilation is much 
more favored by clinicians when possible [25]. Table | shows decision chart of 
noninvasive ventilation in Legionnaires’ disease. 


Table 1 Decision chart of 
noninvasive ventilation in 
Legionnaires’ disease 


Consider NIV 


¢ Glasgow coma scale 
213 


Consider invasive 
mechanical ventilation 


¢ Confusion 


¢ Efficient cough reflex 


¢ Blunt airway reflexes 


¢ Only dry cough 
e NIV and mask harmony 


¢ Semi/lack of cooperation 
° Sepsis 


¢ Less comorbidity 


¢ Severe hypoxia 
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ARF Acute respiratory failure 

CPAP Continuous positive airway pressure 
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TB Tuberculosis 
UVGI — Ultraviolet germicidal irradiation 
WHO _ World Health Organization 


Introduction 


Tuberculosis (TB) is a contagious disease which is recognized as the leading cause 
of death from a single infectious pathogen in the world. It is caused by the bacillus 
Mycobacterium tuberculosis, which is spread when sick people expel infected 
respiratory droplets into the air by coughing or sneezing. The disease typically 
affects the lungs but can also affect extrapulmonary sites. About a quarter of the 
world’s population is infected with M. tuberculosis. According to estimates of 
World Health Organization (WHO), globally there are ten million cases of active 
TB, 1.2 million TB deaths among human immunodeficiency virus (HIV)-negative 
people, and an additional 208,000 deaths among HIV-positive people, in 2019. 
Eighty seven percent of the cases were in 30 high TB burden countries and case 
rates at national levels vary from less than 5 to more than 500 per 100,000 popula- 
tion per year [1]. 

TB is a preventable and curable disease. While preventive therapy is available for 
people with latent TB infection, about 85% of the patients who develop active TB 
disease are successfully treated with a 6-month drug regimen including isoniazid, 
rifampin, pyrazinamide, and ethambutol [1]. Treatment has the additional benefit of 
curtailing onward transmission of infection. Therefore, early diagnosis and treat- 
ment are crucial steps of TB control, as delayed diagnosis and/ or treatment is asso- 
ciated with higher dissemination of TB infection, severe clinical forms of disease, 
and higher mortality rates [2]. 


Tuberculosis in Intensive Care Unit 


The TB patient generally presents with several weeks to months of constitutional 
symptoms (fever, night sweats, and weight loss) and symptoms specific to involved 
organs. Although TB is commonly considered a chronic pulmonary infection, it 
might also present as acute and severe forms in almost every organ system and 
mimic other common infectious or noninfectious processes. The ratio of acute 
severe forms of TB that require intensive care unit (ICU) admission ranges between 
1% and 3% [3]. Ina recent meta-analysis including 35 studies and 1815 critically ill 
TB patients, ICU admission rate was 3.4% [4]. Acute respiratory failure (ARF) and 
acute respiratory distress syndrome (ARDS) due to miliary TB or pulmonary paren- 
chymal TB are the main causes of ICU admission. While 19% of the patients with 
miliary TB require mechanical ventilation (MV), this ratio is 0.8% for pulmonary 
TB [5]. Miliary TB is a relatively uncommon but potentially life-threatening form 
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of TB which constitutes a therapeutic emergency. It results from massive lympho- 
hematogenous dissemination of M. tuberculosis bacilli. The diagnosis of miliary TB 
is suspected based on chest radiographic findings revealing uniformly disseminated 
micronodular opacities in both lung fields, which are usually less than 3 mm in 
diameter. Other severe forms of TB that require ICU care are meningitis, pericardi- 
tis, and disseminated disease. 

Despite the presence of effective therapies, the mortality rates of TB patients in 
ICU are high (26-69%) [2-6]. Most of these patients have serious comorbidities or 
accompanying organ failures such as renal failure [6]. The risk factors associated 
with higher mortality rates are ARF requiring MV, other organ failures, presence of 
comorbidities, concomitant infections, sepsis, and delayed treatment [2, 3, 6]. Ina 
very recent study comparing the mortality rates of ARDS secondary to TB and other 
infections, the mortality rates were two times higher in TB patients (59.5% vs. 
29.7%) [7]. 

Delayed treatment is an important reason for high mortality and is mainly 
because of atypical radiological presentations and diagnostic difficulties. Atypical 
radiological presentations are usually related to immunosuppressive conditions 
(HIV-infection or other) and easily lead physicians to think about alternative diag- 
noses. Clinicians are generally prone to diagnose patients as non-TB pneumonia in 
the absence of typical cavitation or miliary pattern. However, bilateral diffuse con- 
solidations are the second most prominent radiological pattern in the TB patient 
presenting with ARF [2]. Additionally, concomitant nosocomial pneumonia or pul- 
monary diseases such as chronic obstructive pulmonary disease, bronchiectasis or 
lung cancer may obscure underlying pulmonary TB diagnosis [3]. Obtaining suffi- 
cient specimens and tissue biopsies for microbiological and histopathological diag- 
nosis are difficult in critically ill patients. Ziehl-Neelsen staining for acid-fast bacilli 
and cultures of tracheal aspirates are usually noncontributory to gold standard diag- 
nosis in miliary TB. 

As immunocompromised patients are now living longer, it is expected to see 
more TB patients in ICUs. Therefore, TB should be included in the differential 
diagnosis of critically ill patients with enigmatic ARDS, shock or disseminated 
intravascular coagulation. Early recognition and diagnosis are essential to initiate 
prompt and effective therapy. Diagnosis requires a high index of suspicion consider- 
ing clinical, radiological, pathological, and laboratory findings which might be indi- 
vidually nonspecific, but helpful when considered together. Appropriate diagnostic 
tests should be conducted without delay. Treatment can be initiated before micro- 
biological confirmation in ICU patients since a proactive approach with timely 
intervention can decrease mortality [6-8]. 

TB treatment is also challenging in the ICU patient group. The administration of 
oral anti-TB drugs, ensuring adequate drug absorption and drug interactions are 
important drawbacks of optimal TB treatment. Moreover, critically ill patients are 
more prone to develop organ dysfunction (impaired liver function in the majority) 
which can lead to withdrawal of important drugs (isoniazid, rifampin, pyrazin- 
amide) of the treatment regimen. 
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Noninvasive Ventilation in Tuberculosis 


Noninvasive ventilation (NIV) has been an increasingly used technique of ventila- 
tion in ARF applied via facial mask interface. It avoids the complications of endo- 
tracheal intubation and accordingly reduces the length of ICU stay and mortality. 
NIV can be applied as an early option in selected cases of TB with ARF [9]. There 
are several factors which should be taken into account before deciding to initiate 
NIV or invasive MV. These are the prolonged period of infectiousness of TB 
patients, the lag time for noticeable clinical improvement following initiation of 
therapy, and the risks related to positive pressure ventilation such as pneumothorax 
and hemoptysis [9, 10]. Agarwal et al were the first to report the successful use of 
NIV with oronasal mask interface combined with empirical anti-TB therapy in three 
cases of tuberculous ARDS [8]. NIV can be easily applied in resource limited set- 
tings, by means of invasive ventilators and/or ICU beds, especially in developing 
countries where TB incidence remains high. Besides being an option of MV in 
hypoxemic respiratory failure due to active pulmonary TB, NIV is also used to treat 
chronic hypercapnic respiratory failure in patients with sequelae of pulmonary TB 
and their acute exacerbations. In a study including 58 patients (airway infection in 
45, right heart failure in 13) suffering from acute-on-chronic respiratory failure due 
to TB sequelae, 50 patients (86.2%) weaned from NIV, avoided endotracheal intu- 
bation, and were subsequently discharged from the hospital. The risk factors for the 
failure of NIV were lower pH, lower body mass index, lower serum potassium, and 
higher blood leukocyte counts on admission [11]. The recommendations for the 
application of NIV in TB patients which are adopted from the clinical review by 
Esquinas et al are summarized in Table | [9]. 

NIV can be regarded as a practical and convenient solution for the provision of 
long-term and domiciliary-assisted ventilation in patients who had chronic respira- 
tory failure due to pulmonary TB sequelae. Patients usually have restrictive or 
sometimes mixed pulmonary dysfunction. Hypercapnia and pulmonary hyperten- 
sion are seen in a high percentage of these patients. Nasal masks are frequently used 
interfaces and no apparent complications were reported [9]. Long-term oxygen 
therapy and pulmonary rehabilitation are also essential treatment modalities for this 
patient group. 
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Table 1 Recommendations for noninvasive ventilation in tuberculosis patients 


NIV in TB 
¢ TB patients are contagious for at least 2 weeks after the initiation of effective anti-TB 
therapy 
¢ A long period of NIV is needed to improve respiratory condition 


¢ TB patients have a higher risk of pneumothorax or hemoptysis, therefore the lowest 
pressures providing adequate oxygenation should be set 
HCW general recommendations for NIV 


¢ Contagious TB patients receiving NIV should be isolated in negative pressure rooms with 
anterooms 


¢ Air cleaning technologies (HEPA filtration, UVGI) should be used 
¢ The number of HCWs caring for the patient must be limited 
¢ HCWs should at least wear N95 (FFP2) or preferably N98 (FFP3) fit-tested respirators 
¢ HCW should be monitored for possible infection 
Equipment and setting recommendations for NIV 
Bacterial filters (99.9997% efficiency) 
¢ Bacterial filters which can filter 0.3 jm in size should be used between the mask/interface 
and the expiratory port, and at the outlet of the ventilator. In order to reduce the risk of 
contaminating the ventilator, a bacterial filter should be placed at the expiratory side of the 
breathing circuit or between the mask and the circuit 


Ventilators 


¢ Double-arm breathing circuits with inspiratory and expiratory limbs are preferred 


¢ High-flow face mask CPAP with open exhalation port should be avoided 
Interface 


¢ Helmet is preferred if applicable and available; otherwise, a nonvented face mask may be 
used 


¢ Mask interfaces should be applied before turning on the ventilator 


¢ The ventilator should be turned off before removing the mask 


¢ Nasal masks can be used for long-term NIV in patients with chronic respiratory failure due 
to TB sequelae 


Pressure setting 
¢ Use the lowest possible EPAP/ IPAP pressures titrated to respiratory rate and arterial blood 
gas analysis 
¢ When using helmet, the inspiratory pressure should be twice the pressure used with a 
standard face mask 


NIV noninvasive ventilation, 7B tuberculosis, HCW healthcare worker, HEPA high-efficiency par- 
ticulate air, UVG/ ultraviolet germicidal irradiation, CPAP continuous positive airway pressure, 
EPAP expiratory positive airway pressure, /PAP inspiratory positive airway pressure 
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Infection Control in the Intensive Care Unit 


Effective TB infection control requires a thorough understanding of the transmis- 
sion of M. tuberculosis from person to person. M. tuberculosis is carried in airborne 
particles as droplet nuclei that can be generated when contagious TB patients cough, 
sneeze, speak or shout. Since these droplets are forcefully expelled, they are dis- 
persed in the environment. The content and size of droplets mainly depend on their 
site of origin. While the oral cavity produces larger droplets (~100 pm), the bron- 
chioles produce smaller ones (1 1m). Larger particles rapidly settle down to sur- 
faces and contaminate them, but generally are not considered as infectious from a 
pulmonary standpoint. In general, contact with oronasal or other body secretions do 
not represent a mode of transmission. Small airborne droplet nuclei which are 
1-5 pm in diameter are suspended in room air for several hours and can be trans- 
ported over longer distances by airflow [12]. TB infection is transmitted by inhala- 
tion of these infective droplet nuclei. The majority of the patients with pulmonary 
TB have a relatively long period of infectiousness (weeks to months) until the diag- 
nosis is established and an effective TB therapy is initiated. Certain characteristics 
of patients such as presence of cough, cavitation on chest radiography, smear posi- 
tivity for acid-fast bacilli, failure to cover the mouth and/or nose during coughing or 
treatment with cough-inducing and aerosol-generating procedures increase the risk 
for infectiousness [11]. 

In recent years, NIV has been used in a significant portion of patients who had 
ARF due to a wide spectrum of infectious diseases such as severe acute respiratory 
syndrome, pandemic avian influenza, and influenza A. Although there is no report 
of disease transmission to healthcare workers (HCWs) with the use of NIV, WHO 
has considered NIV among aerosol-generating procedures in which the risk of 
pathogen transmission is possible [13]. Therefore, the probable risk of infection 
transmission from patients to patients and HCWs is an important drawback for the 
use of NIV in contagious TB patients. Current literature is inconclusive about this 
issue [9]. 

The pivotal study arguing that NIV poses a high risk for spread of infection is 
based on the assessment of particle dispersion using an experimental model. The 
researchers used a human-patient simulator which is a realistic representation of 
human respiration. Airflow was marked with intrapulmonary smoke for visualiza- 
tion. NIV was applied with expiratory positive airway pressure (EPAP) maintained 
at 4 cm H,O and inspiratory positive airway pressure (IPAP) at 10 cm H,O was 
gradually increased to 18 cm H,O. The study demonstrated that substantial expo- 
sure to exhaled air occurs within a 0.5 m radius of patients receiving NIV [14]. Later 
on, the same study group investigated exhaled air dispersion distances during NIV 
in a negative pressure (—5 Pa) isolation room via different masks. The human- 
patient simulator was positioned at 45° on the bed and programmed to mimic mild 
lung injury (oxygen consumption 300 ml/min; lung compliance 35 ml/cm H,0). 
The authors used two different full-face masks, one with three pairs of exhalation 
diffusers for quiet exhalation and an entrainment valve, the other with an 
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entrainment valve connected to a whisper swivel exhalation port. The authors con- 
cluded that substantial exposure to exhaled air occurs within a | m region from the 
human-patient model receiving NIV via both masks, with more diffuse leakage 
from the latter, especially at higher IPAPs [15]. HCW should therefore be aware of 
the potential risks of infection transmission during NIV and take strict droplet pre- 
caution. Currently, there is no controlled data comparing particle dispersion between 
individuals receiving and not receiving NIV. However for TB, many experts argue 
that NIV via full-face mask may provide protection from secretions that would oth- 
erwise disperse from the infected patient during coughing or sneezing [9]. 

NIV should be applied under strict isolation measures in contagious TB patients 
with adequate protection of HCWs. Contagious TB patients receiving NIV should 
be isolated in negative pressure rooms with anterooms. Negative pressure rooms 
should be equipped with high-efficiency particulate air (HEPA) filters or ultraviolet 
germicidal irradiation (UVGI) in which all air exiting the room is either filtered or 
exhausted directly to the roofline, away from hospital intake vents. The doors of the 
isolation rooms must be kept closed in order to maintain control over the direction 
of airflow. The number of HCWs caring for the patient must be limited. HCWs 
should at least wear N95 (FFP2) or preferably N98 (FFP3) fit-tested respirators. The 
ICU staff should be familiar to airborne diseases and well trained about the proper 
application of NIV. 

Instead of the commonly used method of NIV utilizing a single-arm delivery 
circuit, double-arm breathing circuits with inspiratory and expiratory limbs are pre- 
ferred. Helmet mask or nonvented full-face masks are preferred interfaces if appli- 
cable and available. Masks should be applied before turning on the ventilator, and 
removed after turning off the ventilator. As particle dispersion increases in high 
pressures, the lowest possible pressures (for example: EPAP/IPAP: 5/10 cm H,O) 
titrated to respiratory rate and arterial blood gas analysis should be applied. The 
inspiratory pressures are at least twice the pressures used with a standard face mask 
when using helmet. In order to reduce the risk of discharging M. tuberculosis into 
the environment and contaminating the ventilator, bacterial filters capable of filter- 
ing particles as small as 0.3 pm with a filter efficacy of 99.9997% should be used 
routinely in breathing circuits. The bacterial filters should be placed between the 
mask/interface and the expiratory port, and at the outlet of the ventilator. In order 
not to contaminate the ventilator, a bacterial filter should be placed at the expiratory 
limb of the breathing circuit or between the mask and the circuit [9]. 


Conclusion 


NIV has the potential to reverse ARF in selected cases of miliary or pulmonary 
parenchymal TB and reduce the rate of endotracheal intubation. The ICU staff 
should be familiar to airborne diseases and well trained about the proper application 
of NIV. NIV should be applied under strict isolation measures in contagious TB 
patients with adequate protection of HC Ws. 


220 D. Koksal 


Major Key Recommendations 

1. Delayed treatment is an important reason behind high mortality in 
ICU. Therefore, TB should be included in the differential diagnosis of 
critically ill patients and appropriate diagnostic tests should be conducted 
without delay. 

2. In ICU patients, antituberculous therapy can be initiated before microbio- 

logical confirmation since a proactive approach with timely intervention 

can decrease mortality. 

NIV can be applied as an early option in selected cases of TB with ARF. 

4. NIV should be applied under strict isolation measures in contagious TB 
patients with adequate protection for HCWs. 

5. NIV utilizing double-arm breathing circuits with inspiratory and expira- 
tory limbs should be preferred. Helmet mask or nonvented full-face masks 
are preferred interfaces if applicable and available. Bacterial filters capable 
of filtering particles as small as 0.3 pm should be used in order to reduce 
the risk of discharging M. tuberculosis into the environment and contami- 
nating the ventilator. 
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Introduction 


Respiratory disease, including pneumonia, is the leading cause of mortality in the 
developing world for children under 5 years of age [1]. Integrated Management of 
Childhood Illness MCI) guidelines address pneumonia by focusing on clinical 
diagnosis, empiric antibiotic treatment, and oxygen therapy for children who are 
either hypoxemic or demonstrate clinical signs of respiratory distress [2]. Three 
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randomized controlled trials have examined bubble CPAP as a possible respiratory 
therapy for severe pneumonia [3-5] . Evidence from these trials in resource-limited 
settings is mixed. Bubble CPAP continues to be an active area of investigation and 
clinical care in resource-limited settings. 


Patient Selection 
General Indications 


Bubble CPAP was first developed in the early 1970s for use in premature infants, 
but was largely replaced by mechanical ventilation over subsequent years [6]. In the 
past decade, there has been a resurgent interest in bubble CPAP among healthcare 
providers in both resource-rich and resource-limited settings [7]. Although the 
majority of current evidence is associated with bubble CPAP use in neonates, espe- 
cially premature neonates with respiratory distress syndrome, its indications are 
evolving beyond the neonatal period. Between 2006 and 2008, we started using 
bubble CPAP in older HIV-infected African infants with respiratory failure second- 
ary to presumed Pneumocystis jirovecii pneumonia, but also in infants with severe 
respiratory distress due to other causes like viral bronchiolitis, bacterial pneumonia, 
viral pneumonia, and pulmonary edema from aggressive fluid resuscitation, heart 
failure, or acute respiratory distress syndrome states associated with sepsis, malaria, 
and other conditions [8]. 

Since our initial bubble CPAP experiences, bubble CPAP has been systemati- 
cally studied in Bangladesh pediatric intensive care unit, Ghana emergency depart- 
ments, and Malawi district hospitals in randomized clinical trials [3-5]. The 
Bangladesh trial was stopped early for superiority; the Malawi trial was stopped 
early for inferiority. In Ghana, there was no survival benefit in the primary outcome, 
children 1-59 months treated with CPAP versus standard care. However, children 
less than | year of age demonstrated a small survival benefit from CPAP in a sub- 
analysis. Table 1 reports setting, intervention and comparison equipment, primary 
and secondary outcomes for each trial. 

Despite the mixed results of these trials, bubble CPAP is now being widely used 
across a variety of settings for non-neonates. We suggest that if bubble CPAP is used 
outside of a clinical trial in resource-limited settings, it be done so with caution and 
under direct physician oversight, preferably within a high-care or intensive care unit. 


Other Medical Considerations 


As with all noninvasive modes of ventilation, patients must be able to protect their 
airway and have an intact respiratory drive for bubble CPAP to be safe. Ideal candi- 
dates will also be hemodynamically stable with disease largely limited to the respi- 
ratory system. One possible reason for increased risk in the Malawi trail was 
cardiopulmonary interactions, particularly during compensated shock where 
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children were normotensive [5]. Careful consideration of patients’ preload status is 
vital with bubble CPAP given positive intrathoracic pressures. Another important 
consideration is feeding and the risk of aspiration while on bubble CPAP. 


Age Recommendations 


We generally suggest use of bubble CPAP on younger age ranges between 0 and 
12 months of age. While the Malawi trial demonstrated no benefit, and possibly 
increased harm, for children less than 12 months of age when using bubble CPAP, 
the Bangladesh and Ghana trials demonstrated benefit. However, no benefit was 
found when using bubble CPAP for children older than 12 months of age in any 
trial [3-5]. 

This age difference, with only children less than 12 months of age demonstrating 
benefit, may be related to many factors. Older children require higher levels of sup- 
portive care to ensure that the CPAP device remains intact on the patient’s face. 
Bubble CPAP bulk air flow is limited to the flows delivered by oxygen concentrators 
(see Equipment and Setup below), and as such in older children, these flows may be 
insufficient to maintain pressure or to create adequate ventilation. The nasal inter- 
face may be inadequate for creating an effective seal in children with larger faces. 
Finally, the etiology of severe pneumonia and respiratory failure in older children 
differs from younger children. The difference in efficacy based on age remains a 
current area of research. Until further information, bubble CPAP should be limited 
to children less than 12 months of age. 


Equipment and Design 


Bubble CPAP requires relatively few supplies. Given the scarcity of medical oxygen 
and/or medical air, in LMICs an oxygen concentrator is used primarily as the source 
of oxygen delivery and air flow. However, an oxygen cylinder is an alternative. The 
key feature of either delivery system is maintaining an adequate and consistent flow. 
Oxygen concentrators are used as the primary source of flow given their relatively 
easy availability in resource-limited settings. One negative impact of this approach 
is that the patient can receive upwards of 0.6 FiO, despite not needing this much 
oxygen to maintain about oxygen saturations, given commercially available oxygen 
concentrators do not permit titration of the oxygen percentage delivered. One group 
recently demonstrated in the lab that compressed room air mixed with 100% oxygen 
is an alternative possibility [9]. The main drawback for compressed room air is that 
it is less readily available in resource-limited settings than oxygen concentrators. 
Additional supplies for bubble CPAP include nasal prongs that can be affixed to 
the patient. The nasal prongs must eliminate any air leak for bubble CPAP to be 
effective. Some sites use Hudson Nasal prongs, others WHO nasal cannulas. One 
group has used ear putty to occlude nares when using WHO nasal cannula [10]. 
Nonvented nasal masks were used in the Malawi study [5]. Given that the study 
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Fig.1 (a) A simple bubble 
CPAP setup using an 
oxygen concentrator, nasal 
tubing, and water bottle. 
(b) Schematic of simple 
bubble CPAP 


— —tube Scm deep in H,O humidified O, - - 


demonstrated possible harm, we do not suggest the use of nasal masks at this time. 
In addition to a nasal interface, an expiratory reservoir filled with sterile normal 
saline is required. The reservoir can be a repurposed shampoo bottle or a 1 L normal 
saline intravenous fluid bottle. 

Bubble CPAP’s inspiratory limb is connected directly to the flow source (typi- 
cally an oxygen concentrator). Corrugated tubing is then connected to the expira- 
tory elbow of the nasal cannula with the other end secured into an expiratory 
reservoir to create a closed respiratory system capable of generating constant expi- 
ratory pressure. The depth of the tubing in the expiratory reservoir determines the 
amount of positive end-expiratory pressure (PEEP) supplied. We are easily able to 
achieve a PEEP of 5-8 cm of water if the nasal cannula created a good seal with the 
infant’s nares using between 4 and 6 LPM of flow from the oxygen concentrator. 
Figure | illustrates a simple bubble CPAP setup. 


Supportive Care 


Without question the key to the success of bubble CPAP is competent and detail- 
oriented supportive care. We suggest treating bubble CPAP patients in high depen- 
dency units (HDU, or high-care units) or intensive care units with 24-hour nurse 
coverage and a patient to nurse ratio not more than six patients to one nurse. In 
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addition to constant nursing care, we also suggest direct physician oversight, as 
necessary. Ideally, nursing care would involve an even smaller patient to nurse ratio 
if resources are able. 

Two significant issues in infants with nasal bubble CPAP include keeping nasal 
passages clear of secretions and maintaining an adequate nasal seal. The underlying 
disease process often contributes to increased secretions. Additionally, inadequate 
humidification of oxygen flow promotes dry secretions that can lead to nasal 
obstruction. Frequent suctioning is often required to keep nasal passages clear, but 
overly aggressive suctioning can lead to unintended mucosal swelling or bleeding 
that can also obstruct the nares. Importantly, bubble CPAP only works if the nasal 
prongs form a tight seal with the nares. Minimum supportive care also includes 
frequent repositioning of the nasal prongs to ensure a seal. Finally, delivered pres- 
sure can leak through an open mouth and fail to reach the lower airways. However, 
in our experience we typically found that infants in need of bubble CPAP often 
adjusted so that they breathed with the device, and therefore received the intended 
pressure support, shortly after placement. 

Given that severe respiratory distress can be associated with oropharyngeal dys- 
phagia and aspiration, patients should not be allowed to take oral feeds while receiv- 
ing bubble CPAP. Gastric feeds offer a reasonable alternative. The decision to place 
the gastric feeding tube nasally or orally should take into consideration the bubble 
CPAP nasal seal on an individualized basis. We often find that an oral feeding tube 
in younger infants works well. A less attractive alternative to gastric feeds is intra- 
venous (IV) fluids. Infants can maintain hydration and adequate glucose levels with 
appropriate fluids and volume. However, IV fluids will not provide optimal calories 
for healing and growth. Infants who will be on bubble CPAP for less than 72 h can 
most often be maintained with intravenous fluids, but those patients expected to 
require increased support for longer periods should have a gastric feeding plan. 

Some infants, particularly those beyond the neonatal period, become agitated 
with bubble nasal CPAP. Sedation should be used with caution. Infants are particu- 
larly sensitive to sedation; apnea is a significant problem in this population. Also, 
many resource-limited settings lack adequate staffing to safely monitor a sedated 
infant. All other calming techniques should be exhausted first before using pharma- 
ceutical sedation. 


Weaning or Discontinuation of Bubble CPAP 


We find the clinical exam the most important method for monitoring efficacy of 
bubble CPAP. We rely largely on the patient’s respiratory rate, work of breathing, 
and lung examination. However, if available both cutaneous peripheral oxyhemo- 
globin saturation measured by pulse oximetry and capillary or arterial blood gases, 
can add additional objective data. They are by no means necessary for the manage- 
ment of an infant on bubble nasal CPAP. 

AS a patient’s clinical status improves, there are many different ways to wean an 
infant off of bubble CPAP. Prior to weaning bubble CPAP, multiple factors should 
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be considered, similar to weaning any invasive or noninvasive respiratory support. 
First, is the patient’s disease process entering a convalescent phase or is the patient 
likely to get worse before getting better? Second, has the patient’s work of breathing 
improved with the additional support? We have not found weaning bubble CPAP 
below 4 cm of water to be clinically useful, and therefore we will often move 
directly to traditional supplemental oxygen via a nasal cannula when reaching a low 
level of support or the patient’s sustained decreased work of breathing, reduced 
respiratory rate, or improved mental status suggests clinical improvement. If the 
patient redevelops distress or persistent hypoxemia below 90% on less support, we 
place the patient back on CPAP of 5 cm of water pressure. It is important to provide 
anticipatory counseling to caregivers regarding this weaning process and the not 
uncommon scenario that the child may need to have CPAP restarted after weaning, 
often on multiple occasions. 


Facility Considerations 


When deciding if a nasal bubble CPAP device is appropriate for a resource-limited 
hospital, we would suggest the following considerations. First, are the minimum 
nursing human resources available to allow both low nurse to patient ratios and 24h 
coverage? Second, is direct physician supervision available? Third, is there suffi- 
cient supplemental oxygen to operate a bubble CPAP device without compromising 
the availability of oxygen for less ill patients who may need supplemental oxygen 
only (particularly since one oxygen source can be precisely shared between patients 
for low-flow oxygen while CPAP precludes oxygen sharing from one source due to 
flow requirements)? Lastly, is the quality of clinical care for less critical patients 
optimized sufficiently enough to warrant the addition of a more labor-intensive 
bubble CPAP device? 

Based on recent trials, we suggest that bubble CPAP only be used in tertiary 
hospitals with direct physician supervision [3]. Data from the Malawi trial suggest 
that children using bubble CPAP in a district hospital without physician oversight 
may be at an increased risk of adverse events, including death [5]. While bubble 
CPAP is a simple tool, it remains a tool akin to other intensive care therapies and 
requires a high level of knowledge for its appropriate use. 


Conclusions 


We discuss the use of infant bubble CPAP in resource-limited settings. Supportive 
literature for this indication demonstrates mixed results. Additional research is 
needed. However, similar technology is widespread and effective in developed 
nations. As more practitioners implement and improve bubble CPAP in develop- 
ing settings, clinical experience and scientific outcome data will continue 
to emerge. 
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Key Points 

1. Respiratory disease primarily due to pneumonia is the leading infectious 
cause of death in children under 5 years of age in resource-limited settings. 

2. Antibiotics and oxygen therapy are mainstays of treatment for severe 
respiratory disease. 

3. A simple nasal bubble CPAP system can be built with limited and rela- 
tively inexpensive supplies. 

4. Attentive supportive care is a key component of successful bubble CPAP 
outcomes. 

5. Current data demonstrates mixed efficacy of bubble CPAP, including pos- 
sible harm to patients. 

6. Identifying the right patient at the right time for the right setting is next 
step in studying the indications of bubble CPAP. 
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Introduction 


Respiratory system disorders are the most common problems in newborns and 
infants. Adaptation of respiratory system of a newborn to extrauterine life is a spe- 
cific process. The disturbances in this particular process result in respiratory disor- 
ders such as respiratory distress syndrome, primary pulmonary hypertension, and 
transient tachypnea of newborn. Respiratory system disorders are the leading cause 
of admission to a neonatal intensive care unit because of the anatomical and 
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physiological differences of the newborn lung. The newborn lung does not reach its 
maximum capacity at birth and the development of airways and alveoli continue 
after birth approximately to 5 years of age. This developmental process gains higher 
importance when fetus comes to life before its time. The premature lung has less 
alveoli and its ingredients such as surfactant than a full term. Highly compliant lung 
collapses easily and then opens with each breath result into shear stress and dys- 
function of the surfactant [1]. Another physiological difference is the lower volume 
of fractional residual capacity in newborn than an older infant. Collateral ventilation 
that includes pores of Kohn, interbronchiolar Martin’s channels, and bronchoalveo- 
lar Lambert’s channels is not developed in neonates [2]. Because of all the features 
mentioned above, a newborn can easily go through a respiratory failure. Intermittent 
positive-pressure ventilation (PPV) via an endotracheal tube can be lifesaving when 
there is absolute indication but it has many disadvantages such as cardiovascular 
and cerebrovascular instability during intubation, subglottic stenosis, and tracheal 
lesions, and most importantly acute and chronic lung damage because of the large 
volumes, high airway pressures, and shear stress with each breath. Therefore, non- 
invasive ventilation (NIV) when there is no contraindication may be more beneficial 
therapy for a critically ill newborn especially for a premature [3]. 


NIV in Newborns with Respiratory Distress 
The Type of NIV Methods 


The prototype of NIV is nasal continuous positive airway pressure (NCPAP) which 
effectively supports the breathing via mechanically enhancing the upper airway 
patency, preventing obstruction, and reducing apnea. Distension of the airways 
reduces resistance to air flow and so diminishes work of breathing [4]. Finally, it 
reduces surfactant damage by preventing repeated alveolar collapse and re- 
expansion [1, 5]. 


Nasal Continuous Positive Airway Pressure (NCPAP) 

Since it was first described in 1971 by Gregory and his colleagues, the interface that 
used to deliver air flow with a pressure has evolved from the plastic bags to variable- 
flow devices [6-8]. There are two major methods for generating CPAP; continuous 
and variable gas flow-based. Ventilator-derived CPAP, bubble or water-seal CPAP 
are examples for continuous flow devices. In variable-flow CPAP, pressure is gener- 
ated at the airway proximal to the infant’s nares and uses the Bernoulli Effect to 
alter the gas flow to maintain constant pressure. In a review that comparing the data 
in this topic, the authors concluded that there were only a slight difference between 
the effect of continuous and variable-flow devices and the efficacy of CPAP 
depended on CPAP generation, nasal interface, and good nursing care [9]. 
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Nasal Intermittent Positive Pressure Ventilation (NIPPV) 

It is augmented form of NCPAP by adding intermittent positive insufflations to a 
basal CPAP. The synchronized ventilators made this method applicable. It is pointed 
by many researchers that it may be beneficial in newborns having apnea during 
NCPAP. In a Cochrane analysis, NIPPV was superior to NCPAP in terms of extuba- 
tion failure in preterm infants and it was not associated with increased gastrointes- 
tinal side effects [10]. 


Heated Humidified High-Flow Nasal Oxygen Therapy (HHHFNOT) 

It was first used in preterm infants as an alternative treatment to NCPAP [11]. The 
mechanism of action includes nasopharyngeal washout resulting decreased dead 
space and work of breathing, improved oxygenation, protection of respiratory epi- 
thelium from cold air injury, providing an end-distending pressure to the lungs. 
Although it is a flow-based therapy, there are some levels of airway pressure con- 
ducted to distal airways and alveoli. It depends on patient’s size, flow rates, ratio of 
nares diameter and cannula size, and open mouth. The flow rates are usually set 
maximum of 0.5—1 LPM/kg in newborns [11]. With the introduction of HHHFNOT, 
there had been numerous controlled trials that compared HHHFNOT and classical 
CPAP. In a study, preterm infants with respiratory distress were not benefit from 
HHHENOT as a primary support but HHHFNOT was not found to be inferior to 
CPAP [12]. But in selected newborns, it can be feasible and safe method as a respi- 
ratory support during transport [13]. It could also be as effective as NCPAP after 
surfactant administration for respiratory distress syndrome [14]. 


Nasal High-Frequency Oscillator Ventilation (NHFOV) 

This method provides the advantage of removal CO, compared to other NIV tech- 
niques. Because of it does not require patient-ventilator synchrony; it is a good 
alternative treatment for protecting newborn from intubation and starting an inva- 
sive respiratory support [15, 16]. 


NIV in Newborns During a Pandemic 


NIV (CPAP, HHHFNOT, NIPPV, and HFOV) is applied with an open circuit; there 
have been some concerns about spreading the microorganisms via air droplets. In 
the early days of COVID-19 pandemic, it was recommended by many authorities, 
early intubation should be considered in adult patients with respiratory distress to 
avoid patient self-inflicted lung injury. This could also spare the healthcare workers 
from getting infected during a possible emergent intubation [17]. Later it was under- 
stood that the pulmonary mechanics of COVID-19 patients differed from classical 
ARDS, especially L-type COVID lungs got worse with classical ARDS ventilator 
strategies [18]. In the light of the adult literature, authors made similar suggestions 
for neonates which not to use NIPPV and HHHFNOT therapies in neonates with 
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suspected or proven COVID-19 infection due to concern of spreading infection 
among healthcare workers [19]. However, in an experimental study evaluated the air 
dispersion during NIPPV and found the air droplets >10 mcm in size were mostly 
deposited on surfaces. Another experimental study reported that a 300 ml tidal vol- 
ume of an adult had generated air droplets within a 1 m region [20-22]. Since new- 
borns and infants have much less tidal volumes, the risk of generating considerable 
amounts of droplets or viral particles on surfaces may be underestimated but no 
specific data are available on this topic [23]. It is recommended that airborne and 
droplet precautions must be taken in addition to standard contact precautions when 
performing aerosol-generating procedures such as HHHFNOT with a flow rate over 
2 LPM/kg, tracheal suctioning, CPAP, balloon-valve-mask, and T-piece ventilator 
use. After HIN1 and SARS pandemic, there were few cases reporting transmission 
from patient to healthcare workers [24]. However, COVID-19 pandemic affected a 
significant number of healthcare professionals mostly infected when caring sus- 
pected or proven patients [25]. The use of personal protective equipment decreased 
the transmission rates in hospital [18]. 


Neonatal Cases in 2009 H1N1 Pandemic, 2012 SARS Outbreak, 
and COVID-19 Pandemic 


In 2009 HINI pandemic, nearly 1/4 of PICU admissions due to HIN 1-related ill- 
ness were composed of children below 2 years [26]. With strict vaccination of preg- 
nant women resulted better neonatal outcomes [27, 28] Nonetheless preterm infants 
especially those who had very low birth weight had gone through severe illness due 
to HIN1 [29]. In a review included, a total case of 102 pregnant women infected 
with SARS-CoV, MERS-CoV, and SARS-CoV-2, vertical transmission was not 
reported [30]. In the early days of the SARS-CoV-2 pandemic, it was reported by 
Zeng et al. that three neonates born from affected mother were positive nasopharyn- 
geal swab for SARS-COV-2 [31]. But the pathological examination of placenta and 
cord blood was not available in that study so this observation still has its questions 
to be answered [32]. A systematic review including 155 neonates born from infected 
mothers, only three neonates had positive nucleic acid testing for SARS-CoV-2 in 
throat swab [33] and one case had respiratory distress syndrome and required inva- 
sive mechanical ventilation [34, 35]. Another systematic review reported that, one 
of 37 neonates born from affected mother had neonatal COVID-19 and was positive 
for PCR. For explaining this positivity, consistently with previous reports the 
authors could not suggest whether it was a vertical transmission or postnatal expo- 
sure because of the test timing [36]. Both reviews have demonstrated high rates of 
NICU admission because of isolation issues [35, 36]. Coronado Munoz et al. 
reported a 3 weeks old newborn who had late-onset sepsis and positive swab for 
SARS-CoV-2, required invasive mechanical ventilation. It is emphasized that non- 
invasive respiratory support was avoided due to concern of viral dispersion [37]. A 
meta-analyze which included 474 delivered pregnancies, demonstrated the 
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incidence of proven neonatal COVID-19 was 1% and none of them required inten- 
sive care [38]. In summary, in the light of recent data it can be said that neonatal 
respiratory disease associated with SARS-CoV and SARS-CoV-2 was uncommon. 


Conclusion 


Although newborns less frequently show respiratory symptoms which are a primary 
source for transmission, infection of healthcare workers will increase the global 
disease burden, so it would be appropriate to isolate these patients and follow them 
by taking all necessary protective measures. 
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Introduction 


In children, severe bacterial pneumonia (SBP) is a common life-threatening condi- 
tion, and is more common in infants and young children. Respiratory distress (RD) 
due to SBP is one of the most common causes of emergency department (ED) 
admissions [1]. Prevalence of PARDS in sepsis is poorly defined, the prevalence of 
infection as the inciting etiology for PARDS has received more attention. Infectious 
pneumonias causing straightforward lung injury are typically the most common 
cause of PARDS, ranging from 35% to 58% of cases [2, 3]. Nonpulmonary sepsis 
causing an “indirect” lung injury is typically the second most common PARDS 
etiology, responsible for 13-32% [3, 4]. 

In the Cochrane review from 2014, HFNC in children was defined as heated, 
humidified, and blended air/oxygen delivered via nasal cannula at different flow 
rates >2 L/min, delivering both high concentrations of oxygen and potentially con- 
tinuous distending pressure [5]. Before high-flow nasal cannula (HFNC), 
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traditionally a maximum flow of 0.5—1 L/min for oxygen delivery via nasal cannula 
in newborns was used and a maximum of 2 L/min was used in older children [6]. 
HFNO is easy to install, safe, and well known to be as effective as other noninvasive 
oxygenation methods [7]. HFNO is more efficient than standard care and to reduce 
the rate of intubation/ invasive ventilation in the management of severe pneumonia 
[8]. This chapter will focus on mechanism of action, safety, and responder evalua- 
tion of HFNO in pediatric patients. 


Mechanism of Action of HFNO Therapy 


The basic principle of HFNO is to set a higher oxygen flow than inspiratory demand 
flow according to the clinical situation [9]. Recent studies suggest that HFNO 
induces positive airway pressure to lead alveolar recruitment of collapsed lesion and 
improvement of functional residual capacity (FRC) [10, 11]. 

The postulated mechanism of action of HFNO is as follows: 


1. Nasopharyngeal dead space washout followed by increase in fraction of inspired 
oxygen in alveoli [12]. 

2. Adequate flow reduces work of breathing and inspiratory flow resistance [12, 13]. 

3. Provides inhalational gas mixture with 100% relative humidity [13]. 

4. Heated air improves airway conductance and pulmonary compliance. Studies 
have shown that gas with low temperature and humidity significantly increases 
human airway epithelial cells’ inflammatory markers [13, 14]. 

5. Provides positive airway pressure [14]. 


Overall, the positive pressure generated depends on the weight and size of the 
patient, flow rate, and diameter of the nasal cannula compared to the nares with 
higher pressure being delivered when mouth is closed. 


Recommended Flow Setting and Cannula Size for HFNO Therapy 
in Pediatric Patients 


Manufacturer recommended cannula size 
Body weight | Flow range (L/ | Fischer & 

Age (kg) min)* Paykel? Vapotherm 

<= 1 month <4 5-8 S,M Neonatal, infant 

1 month — 4-10 8-20 M, L Pediatric small 

1 year 

1-6 years 10-20 12-25 L, XL Pediatric small, pediatric 

(adult small) 

6-12 years 20-40 20-30 XL, small Pediatric (adult small) 

12-18 years >40 25-50 Small, Pediatric (adult small), adult 
medium 


“Allowed flow range might differ from the manufacturer’s recommendations 
*XS, S, M, L, XL optiflowjunior 2; small and medium optiflow plus 
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Manufacturers recommend that the cross-sectional area of the cannula should be 
less than 50% of the size of the nares because of the risk of unexpected rise in air- 
way pressure and air leak. This means outer diameter of cannula is roughly the two- 
thirds of that of nares [9]. 

Indications for commencement of HFNO therapy in a child with sepsis are pneu- 
monia, bronchiolitis, pediatric acute respiratory distress syndrome (PARDS), and 
viral pneumonitis. 


HFNO Versus Continuous Positive Airway Pressure (CPAP) 
in Pediatric Sepsis 


There are various studies that compared HFNO and noninvasive CPAP therapy to 
ensure oxygenation. Many times, they have different results indicating the need for 
large clinical trials in this field. In children with pneumonia, an open randomized 
control trial (RCT) was conducted by Chisti et al. which compared HFNO versus 
CPAP versus low-flow oxygen in 225 children aged less than 5 years. They found 
no difference in treatment failure after more than | h of treatment between children 
with HFNO and noninvasive CPAP [15]. Mayfield et al. conducted an observational 
case control study in 94 infants with bronchiolitis that showed HFNO is safe way of 
administering oxygen with no adverse effects, helps in identifying nonresponders, 
and reduces the risk of pediatric intensive care unit (PICU) admission by four times 
[5]. A literature review done by Mikalsen et al., reviewed 26 studies and concluded 
that HFNO is as effective as CPAP or even better but advocated larger randomized 
prospective clinical trials before ending up on any concrete conclusion [7]. HFNO 
therapy significantly decreases intubation rates and total mechanical ventilation 
days per admission but it does not change the mortality data. The theory behind this 
could be that these patients who were in septic shock or severe sepsis are already on 
endogenous catecholamine drive. For a brief period, they show improvement in 
hypoxemia with oxygen therapy but as they have depleted their catecholamines, 
they collapse [16]. The careful workup of inflammatory biomarkers and clinical 
correlation should be kept in mind before initiating HFNO therapy. 


Safety Issues in Pediatric Patients 


Infants and children presenting with sepsis and respiratory distress often have mul- 
tiple problems like fluid and electrolyte imbalances, multiorgan involvement, 
deprived nutrition, etc. Barotrauma caused due to HFNO resulting in pneumothorax 
is a well-known complication. Life-threatening pneumothorax in children has been 
reported infrequently [17]. Abdominal distension, nasal mucosal injury, and dryness 
may also occur while providing HFNO therapy. 

HEFNO therapy is not the substitute of endotracheal intubation and invasive 
mechanical ventilation. It is recommended that whenever there is doubt whether to 
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choose between HFNO or invasive mechanical ventilation, perhaps invasive ventila- 
tion should be initiated in high-risk infections. 


Conclusion 


High-risk pediatric infection often presents in emergency departments with hypox- 
emia and respiratory distress. Initiation of early HFNO therapy results in decreased 
intubation rate and total mechanical ventilator days per admission but at the same 
time, a close examination is necessary. HFNO is not a substitute for mechanical 
ventilation. Pediatric sepsis often presenting with hypoxemia has multisystem 
involvement too. Judicious application of HFNO therapy reduces overall intubation 
and ventilation rates and hospital admission days. 
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Introduction 


In the last decades and before COVID-19 pandemic outbreak, patients developing 
acute respiratory failure (ARF) due to a wide spectrum of pulmonary infectious 
diseases (avian influenza (H5N1), varicella, aspergillosis, tuberculosis, and recently 
SARS and Swine flu (H1N1)) have been successfully treated by means of noninva- 
sive ventilation (NIV) and other noninvasive respiratory therapies (NIRT) such as 
CPAP and high-flow nasal cannula (HFNC) [1]. Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection may lead to a life-threatening ARF. Recent 
experience in COVID-19-related ARF occurring in more than 1500 patients with 
different NIRT shows an average success in about 2/3 of cases [2]. 
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Due to the peculiarities of this modality of mechanical ventilation (i.e., inten- 
tional and nonintentional air leaks), some concerns have been raised about the risk 
of for healthcare workers (HCWs) managing patients undergoing NIV and NIRT 
due to severe pneumonia caused by high-contagious microorganisms (Fig. 1). As a 
matter of a fact, World Health Organization (WHO) has included NIV among “aero- 
sol-generating procedures” in which the risk of pathogen transmission is possible 
[3]. However, the available literature data do not clearly prove the potential NIRT- 
related risks of transmitting contagious diseases from infected patients to HCWs. 


Fig. 1 Details of unintentional leaks [between interface and patient’s face (red arrows) and 
throughout the mouth (green red)] and intentional leaks [throughout the expiratory port (blue 
arrow)] in a patient in NIV delivered by a single-tube ventilator with a nasal mask (a), full-face 
mask (b), total-face mask (¢), helmet (d) 
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In this chapter, we will describe the risk associated to HCWs contagious during 
NIRT to treat severe infective pulmonary diseases and the recommendations to be 
applied for preventing and reducing this risk. 


NIV-Related Contagious Risk in Infective Diseases 


Fowler et al. [4] examined transmission rates in healthcare workers (HCWs) caring 
for SARS patients who required mechanical ventilation. The results showed a 
greater risk of developing SARS for physician and nurses performing endotracheal 
intubation (RR 13,29; 95% CI 2.99 to 59.04%; p = 0,03). Even though nurses caring 
for diseased patients receiving routine NIV may have been at increased risk of con- 
tagious droplets (RR 2.3 95% CI 0.25—21.76), this theoretical health-related danger 
was not translated into a clinical statistical significance event (p = 0.5). In two study 
performed in Hong Kong, there were no cases of SARS in HCWs caring for patients 
treated by NIV, but it was unclear how aggressive the surveillance was [5, 6]. In the 
more recent 2009 Swine Flu pandemic, studies from Mexico, Canada, Spain, and 
Australia reported their experience on HIN] influenza patients with ARF [3], who 
were largely treated with NIV. There were no reports of disease transmission from 
noninvasively ventilated patients to HCWs, but again, all involved HCWs were not 
routinely screened for infection. The rate of transmission of SARS-CoV2 infection 
sounds to be higher than other contagious infections such as common influenza. 
According to the available literature data, the average infection rate in HCWs man- 
aging COVID-19 patients receiving noninvasive respiratory support was of 5.2%; it 
has to be remarked that negative pressure rooms were used in only one series [2]. In 
the majority of the cases, HCWs’ contagious was associated with an asymptomatic 
infection or a mild symptomatic disease, with a rate of lethal disease similar to what 
reported in the infected population (less than 3% of the overall infected cases) [7]. 


What About the Risk of Transmission of Contagious During NIRT? 


This risk for HCWs varies depending on several variables which are correlated and 
not correlated to the respiratory support. Among the latter, we have to consider pro- 
longed exposure, poor hand hygiene, and personal protective equipment (PPE), 
insufficient spacing or rooms without negative pressure or insufficient air changes 
every hour [8]. Concerning the NIRT, we have to bring in mind the exhaled air dis- 
persion distance during NIRT that varies depending on the type and setting of the 
support itself. All data relating to exhaled air dispersion are extrapolated from 
experimental studies conducted in a negative pressure room, on a high-fidelity 
human patient simulator (i.e., 70 kg adult male sitting on a 45° inclined hospital 
bed) using a laser smoke visualization method and calculated on the median sagittal 
plane [8-10]. 

According to these studies, it emerged that CPAP via an oronasal mask and NIV 
via a helmet equipped with an inflatable neck cushion are the ventilatory support 
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methods that allow the minimum room air contamination with negligible air disper- 
sion. In the opposite, HFNC, CPAP via nasal pillows, NIV via full-face mask, and 
NIV via helmet without tight air cushion are associated to higher air dispersion 
(respectively 33, 17, 92, 27 cm). Importantly, oxygen therapy delivered with nasal 
cannula at the flow of 5 L/min determines air dispersion of 1 m [8]. 

However, some points should be considered in the clinical practice that could 
either reduce (lower set pressures during NIV via helmet ventilation; viral droplets 
heavier with shorter air trajectory than the exhaled smoke markers of the experi- 
mental studies) or augment (studies conducted in negative pressure room with at 
least six air changes vs. medical wards not equipped with negative pressure rooms) 
the risk of infection transmission in the real-life scenarios of outbreak COVID 19 
pandemic. 

Simonds et al. [11] evaluated characteristics of droplet/aerosol dispersion around 
delivery systems during NIV, oxygen therapy, nebulizer treatment, and chest phys- 
iotherapy by measuring droplet size, geographical distribution in three groups of 
adult patients with chronic lung disease who were admitted to hospital with an 
infective exacerbation. Very importantly and in contrast with WHO’s report, the 
authors demonstrated that NIV and chest physiotherapy are “droplet” and not aero- 
sol-generating procedures, as they produce droplets of >10 im in size. Due to their 
large mass, most of these droplets fall out on to local surfaces within 1 m. These 
findings suggest that HCWs providing NIV and chest physiotherapy, working 
within | m of an infected patient should have a higher level of respiratory protec- 
tion, but that infection control measures designed to limit aerosol spread may have 
less relevance for these procedures. 


Strategies to Reduce the Risk of Infection Transmission 


The recommendations for preventing and minimizing HCWs’ contagious include 
measures correlated with NIV and respiratory noninvasive support and those cor- 
related with personnel behavior and environment (Table 1). 


NIRT-correlated measure 


During NIV and CPAP, the interface is the “key-tool” which allows the interaction 
between the ventilator and the patient; at the same time, the interface works as “bar- 
rier” between the patient and the environment. Due to the presence of leaks, it is 
unavoidable a “contamination” between the patients’ lungs and the environment 
(Fig. 1). With HFNC, the air dispersion occurs through the open mouth as well as at 
nostril level between the cannula and the nasal mucosa. 

A wide range of interfaces are available to obtain in the clinical practice the best 
fit and comfort for the patient: nasal, oronasal (or full-face), and total-face masks; 
helmet; nasal pillows; mouthpieces. Thanks to the greater acceptance and efficacy, 
oronasal masks are the mostly used interfaces to deliver NIV in ARF; conversely, 
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Table 1 HCWs’ precautions in suspected infectious patients treated with NIV 


¢ Healthcare personnel should wash their hands with an alcohol-based (>65%) detergent, 
avoid contact with eyes, nose and mouth, sneeze and cough into a bent elbow or tissue and 
then throw it away, use full protective clothing as per all aerosol-generating procedures 
including FFP3 mask when available (N95 masks are second choice), eye protection, 
gown, gloves and apron, keep a distance of at least | m from patients with respiratory 
symptoms; correct dressing and undressing procedure should be implemented with 
specific protocols. 


¢ Patients should be managed in negative pressure rooms providing at least 12 air changes 
per hour, equipped with HEPA and with anterooms. 


¢ Helmet is preferred if applicable and available. If not, non vented full-facemask may be 
used. 


¢ Viral/bacterial filter (99.9997 efficiency): should be used between the expiratory port 
and the ventilator; between the inspiratory port and the ventilator; and near the patient’s 
mask. 


¢ Ventilators with double hose tubing (inspiratory and expiratory limb) may be 
advantageous. 


¢ Lowest possible pressures, e.g., EPAP 5, IPAP <10 cm H,0 titrated to respiratory rate and 
arterial blood gas tensions; when applying helmet, inspiratory pressures may be at least 
twice the pressures used with standard face masks. 


¢ Apply and secure mask before turning on ventilator; turn off ventilator before removal of 
mask. 


¢ During HFNC treatment, place carefully the nasal cannulas which must be completely 
inserted in the nostrils and fixed with the elastic bands on the patient’s head in order to 
reduce lateral air leaks; cover the mouth and the nose with a surgical mask. 


¢ In case of NIRT failure, prioritize a planned early intubation rather than an emergency 
intubation; if possible avoid bag ventilation; if needed bag-mask ventilation, place a filter 
between the bag valve and the mask/endotracheal tube to reduce airborne contamination. 


nasal pillows and mouthpieces are less frequently used [12]. According to the type 
of ventilator, interfaces may be provided or not with an exhalation system: vented- 
masks for single-tube circuit and nonvented masks for double-tube circuit ventila- 
tors. In the context of infectious risk, due to the dispersion of exhaled air through 
intentional air-leaks systems, theoretically, vented-interfaces are associated with a 
greater risk of spreading infected air particles than nonvented interfaces. Among the 
vented-masks, those provided with an expiratory port (i.e., whisper swivel) in the 
circuit determine a more diffuse air leakage as compared to those with an exhalation 
system built inside the mask [12]. 

Concerning the type of the interfaces, full-face masks might be preferred to nasal 
masks in order to theoretically prevent the potential spreading of the contaminated 
exhaled air particles from unintended air leaks through the mouth (Fig. 1). Under 
this perspective, the choice of the brand and size that best fits the anatomy of the 
patient’s face profile and also allows delivery of adequate levels of pressures is cru- 
cial to minimize unintended air leaks around the interface. There is however no data 
that confirmed if this theoretical strategy may have positive impact in true clinical 
conditions. 

The helmet is a new interface for delivering NIV which surrounds the head and 
neck of the patient; once the helmet is pressurized, a soft collar gently adheres to 
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patient’s neck and shoulders, providing greater and more tolerated seal than stan- 
dard face masks [12]. Of note, within certain limits, the higher the pressure inside 
the helmet, the better is the seal, and therefore, the smaller the leaks and dispersion 
of expired gas by the patient. This is particularly useful in patients suffering from 
hypoxemic ARF and requiring high levels of positive end expiratory pressure 
(PEEP) and peak pressure. Helmets with a tight air cushion around the neck—helmet 
interface, in a double limb circuit, have negligible air dispersion during NIV appli- 
cation. As opposed to the helmet, the application of high ventilation pressures dur- 
ing NIV with face masks may tear off the patient’s skin surface, therefore increasing 
leaks and therefore the amount of potentially infected exhaled air. Furthermore, in 
the majority of patients, helmet is better (and longer) tolerated than face masks [12], 
allowing more prolonged applications with need for less periodic interruptions. 
Every single disconnection from the NIV is often poorly tolerated by the acute 
hypoxemic patient and represents a potential risk for caregivers in high-risk infec- 
tions. It could be speculated, but not still proved, that the use of the helmet (where 
available) for NIV together with negative pressure rooms equipped with high-effi- 
ciency particulate air (HEPA) filters may decrease the dispersion of infected respira- 
tory droplets. 


Implications for Personnel Behavior 


Although only few reports of infectious disease transmission with NIV therapy have 
been published, reasonable and adequate precautionary steps should be performed 
in order to protect health care personnel, as well as other patients and family mem- 
bers [2, 3, 7, 8]. 

Above of all, HCWs should be aware of the potential risks of caring for poten- 
tially contagious patients during NIV application, and should take the appropriate 
precautions suggested by the recommendations for contagious diseases (Table 1). 
HCWs must use PPE, complemented with a strict hand hygiene before and after 
entering the room and after managing the patient. Specific protocols should be fol- 
lowed for dressing and undressing procedures before entering in infected isolated 
areas (i.e., COVID 19 units). During the undressing procedure, it is crucial to avoid 
contact with potentially contaminated PPE, face, skin, and mucosa [8]. 

HCWs should pay special attention during the phases of disconnecting the 
patient from the NIV. It is advisable to quickly switch the ventilators off as soon as 
the circuit is taken away from the mask to prevent the dispersion of the substantially 
large expiratory flow nearby the HCWs. This is also true during the maneuvers 
required to deliver bronchodilators during NIV. In order to decrease the need for 
NIV disconnections, it is advisable to pay attention in the selection of the device 
that is best tolerated by the particular patient; a light continuous analgesic and seda- 
tion can be considered in expert higher-intensity care setting [8]. PPE is recom- 
mended to be used also during bronchoscopy in NIV/CPAP/HFCN-supported 
patients at risk of contagious infection with ARF. In case of NIV failure, special 
precautions have to be followed to minimize the risk of HCWs’ contagious: planned 
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versus emergent intubation, bag mask ventilation (if needed) with protective filters, 
PPE during all maneuvers [8]. 


Conclusions 


Despite the high risk of contagion during NIV and noninvasive respiratory support, 
evidence suggests that the use of PPE is effective in preventing infections among 
HCWs. In order to prevent and minimize the risk of contagious, recommendations 
correlated to the choice of the interface, the ventilator, and other technical issues 
should be implemented in the clinical practice by NIV teams for the management of 
suspected or proven cases of ARF caused by contagious diseases. 


Key Major Recommendations 

1. NIV is a “droplet” and not an aerosol generation device. 

2. NIV may be associated with a theoretical risk of transmitting infected 
exhaled particle to HCWs within 1 m from the interface. 

3. In terms of risk of transmission of contagious diseases during NIV, non- 
vented are preferred to vented-interfaces, oronasal to nasal, helmet to other 
interfaces. 

4. Concerning HFNC, the risk of infected air dispersion is reduced by cover- 
ing the patient mouth with surgical mask. 

5. Minimum inspiratory and expiratory pressures which are able to meet 
patient’s ventilator demand should be set during NIV. 

6. Patient’s disconnection from NIV should be reduced as much as possible. 
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Introduction 


The use of noninvasive ventilation (NIV) is gradually becoming a standard of care 
to treat hypoxemic respiratory failure (HRF) patients especially with high-risk 
infections. The use of NIV in management of HRF has expanded immensely in the 
last few years particularly last decade’s pandemic influenza pneumonia and recently 
covid-19 (coronavirus disease - 2019) pneumonia. 

However, the effectiveness of NIV use in such cases of HRF, like viral pneumo- 
nia and other atypical pneumonia, is controversial with high failure rates. Till today, 
we have strong recommendation for NIV use in HRF and cardiogenic pulmonary 
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edema and conditional recommendation in trauma, postoperative, and immunocom- 
promised patients [1]. 

NIV significantly reduces intubation in HRF patients [2], while NIV failure 
could be associated with increased mortality if the timely initiation of invasive mode 
of ventilation is not considered. Cardiorespiratory arrest, facial trauma, psychomo- 
tor agitation, severe hemodynamic instability, coma, and multiple organ failure are 
absolute contraindications for NIV. 

Apart from such conditions, there should be clear criteria, early prognostic fac- 
tors, and risk defining scores to whom NIV would be beneficial; so that NIV failure 
and failure-related mortality can be reduced. In healthcare emergencies such as pan- 
demic viral infection like COVID-19 with acute respiratory failure, resources of 
intensive care unit were limited. Therefore, predefined criteria can help in easy and 
early selection of ventilator mode. 


Background Information 


NIV has been increasingly preferred in predominantly high-risk infection group of 
patients presenting with early acute respiratory distress syndrome (ARDS). The 
rationale behind applying NIV is to improve oxygenation, decrease dyspnea and the 
work of breathing, and avoid intubation. Absolute contraindications for NIV use 
must always be ruled out before using noninvasive form of ventilation. Table 1 sum- 
marizes various factors related to the patient outcome on NIV. 


Why There Are Chances of NIV Failure over 
Invasive Ventilation? 


1. During NIV interruption, its positive effects in terms of alveolar recruitment and 
work of breathing reduction vanish and the patient often returns to the pre-NIV 
state [3]. 


Table 1 Factors related to Variables 
the patient outcome-on NIV 1. P/F Ratio at admission 6. No. of quadrants 
involved in chest 
radiograph 
2. P/F ratio after 1 h of 7. Respiratory rate 
admission 
3. SOFA score 8. Tidal volume on NIV 
4. SAPS II 9. PaCO2 level on NIV 
5. Apache II score 


SOFA Sequential organ failure assessment score, SAPS II 
Simplified acute physiology score II, APACHE I/ Acute physi- 
ology and chronic health evaluation II, P/F ratio Partial pres- 
sure of arterial oxygen/fraction of inspired oxygen 
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2. It is not clinically feasible in all patients to get/calculate optimal positive end- 


expiratory pressure (PEEP) requirement; thus there is always chances of high 
PEEP-related barotrauma or low PEEP-related lower airway recruitment [1]. 


Evidence of Studied Prognostic Factors 


1; 


P/F ratio: This is the most studied prognostic factor. Lower P/F ratio directly 
correlates with disease severity and poor outcome of ARDS, in the both invasive 
and noninvasive mode of ventilation. In the majority of studies, P/F ratio < 150 
was a bad prognostic factor or had a poor outcome. In a recent large study (lung 
safe study)[4], it was observed that NIV failure occurred in 22.2% of mild, 
42.3% of moderate, and 47.1% of patients with severe ARDS. Table 2 shows all 
the recent studies related to the prognostic factors of NIV outcome in HRF. 


. Disease severity score: Three commonly studied scores are SAPS, SOFA, and 


APACHE score. These scores are also representative of the P/F ratio, because 
Fio2 is a component in all these scoring tools while SAPS and APACHE are 
enrolling directly P/F ratio. SAPS IT > 29, APACHE >17, and SOFA >5 were bad 
prognostic factors in recent studies [6, 7, 13]. 


. Number of quadrants involved in chest radiograph: Increasing area of consolida- 


tion can be directly correlated with degree of hypoxemia because of more venti- 
lation/perfusion (V/Q) mismatch and more chances of a shunt. More number of 
quadrants involved in chest radiograph is an indicative factor of NIV failure. 
Two to four-zones involvement was a poor prognostic factor for NIV success in 
comparison of 1—3 zones involved in the study of Rodriguez et al. [7].and 
Suttapanit et al. [6]. 


. Tidal volume on NIV: In respiratory failure, increase in tidal volume is the first 


respiratory physiological response. So achieving a lower expired tidal volume is 
always a goal for every patient. A high expired tidal volume is independently 
associated with noninvasive ventilation failure. Carteaux et al. [9] reported that 
in patients with moderate-to-severe hypoxemia, the expired tidal volume above 
9.5 mL/kg body weight accurately predicts noninvasive ventilation failure. 


. PaCO2 level on NIV: In NIV patients, minute ventilation increases with the 


severity of ARDS without significant difference in PaCO2, suggesting that the 
increased patient respiratory drive is compensated for the increased dead space. 
Initiation of invasive ventilation to HRF patients is associated with increased 
PEEP, decreased oxygen fraction, and improved PaO2/FIO2 ratios, as well as 
decreases in tidal volume and respiratory rate, resulting in an increased PaCO2. 
So one can expect/predict NIV success if PaCO2 rises to a limited extent after 
NIV initiation. 

In Lung safe study and Rana et al. [13] study, PaCO2 level slight higher 
(4 mm Hg) was a good prognostic factor. PaCO2 is an indirect marker because it 
also depends on respiratory rate, tidal volume, and these factors increase with 
worsening respiratory distress. 
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Table 2 Recent studies related to prognostic factors of NIV outcome in HRF 


Sample 
Study size Study type Variable Outcome 
Bellani 8753 Prospective P/F ratio NIV failure occurred in 53% 
et al. observational patients with a P/F ratio 
(2021) [5] study <150 mmHg 
Suttapanit | 162 Retrospective SOFA P/F ratio < 100 mmHg with 
et al. cohort P/F ratio non-PEEP or < 200 mmHg with 
(2020) [6] observational Quadrants PEEP >5 cmH,0, number 
study involved in infiltrated quadrant on chest 
chest radiography >2, and SOFA score 
radiograph >4 had much NIV failure 
Rodriguez | 1898 Prospective SOFA Subjects with SOFA >5 had a 
et al. observational Quadrants higher risk of NIV failure. The 
(2017) [7] cohorts involved in NIV failure rate increased 
chest significantly from 49.5% to 78.6% 
radiograph in subjects with >2 quadrants 
involved in chest radiograph 
Xu et al. 1480 Systemic review | P/F ratio Mild HRF (P/F ratio 200- 
(2017) [8] 300 mmHg) patients could benefit 
from NIV 
Bellani 2813 Observational P/F ratio NIV failure occurred in 22.2% of 
et al. study mild, 42.3% of moderate, and 
(2017) [4] 47.1% of patients with severe 
ARDS 
Carteaux 62 Prospective P/F ratio Patients with a P/F ratio up to 
et al. observational TV (tidal 200 mmHg and expired TV above 
(2015) [9] study volume) 9.5 mL/kg predicted body weight, 
predicted NIV failure with a 
sensitivity of 82% and a specificity 
of 87% 
Thille et al. | 113 Observational P/F ratio NIV failure was lower among 
(2013) [10] cohort study those having a P/F ratio 
>150 mmHg (45% vs. 74%) 
Nicolini 98 Prospective P/F ratio SAPS II > 29 and a P/F 
et al. study SAPS II ratio < 127 at admission were 
(2012) [11] score independently associated with 
NIV failure 
Antonelli 479 Prospective, P/F ratio A SAPS II >34 and a P/F ratio 
et al. multiple center | SAPS II <175 after 1 h of NIV were 
(2007) [12] cohort study score predictors of NIV failure 
Ranaetal. | 54 Observational P/F ratio Severe hypoxemia (P/F < 147) 
(2006) [13] cohort study APACHE associated with failure of NIV 
score 


6. PF CXR score: Suttapanit et al. [6] proposed a specific and quite easy scoring 
system (P/F CXR score) to predict NIV failure on basis of P/F ratio and chest 
x-ray infiltration. They observed in their study that the PF CXR score showed 
AUROC 0.881(95%CI 0.829-0.933), higher than P/F ratio level and number 
infiltrated quadrant on chest radiography alone. Table 3 shows calculation of PF 
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Table 3 PF CXR score calculation 

Scores 0 1 2 3 

PF ratio > <200 with no PEEP | <100 withno PEEP | <100 with 

200 | or <300 with PEEP | or <200 with PEEP | PEEP >5 
25 25 

Number quadrant 0 1 2 3 
infiltration on chest 

radiograph 


CXR score using P/F ratios and the number quadrant infiltration on chest 
radiograph. 

The cut-off points of PF CXR score >3 for predicted NIV failure in HRF with 
influenza infection were sensitivity 66.7%, specificity 93.2%, and positive likeli- 
hood ratio 9.81. Patients with a higher score of PFCXR score had a higher rate 
of failed NIV and needed to be closely monitored for early intubation within 48 h. 


Conclusion 


Although no recommendation has made, NIV can be first-line ventilatory therapy in 
severe high-risk infections like influenza and Covid-19. P/F ratio, SOFA score, and 
quadrant infiltrations in chest radiography are good predictors for NIV failure in 
HRF. In every ICU, these factors should be regularly used for initiation and moni- 
toring of HRF patients on NIV. NIV is becoming more and more promising in the 
last few years. Yet future multicenter studies are needed to establish definite factors 
those can predict which group of the patient will have a successful outcome on NIV. 
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The Concept of Isolation Precaution and a Historical Review 


In health-care facilities, adequate ventilation in all patient-care areas is essential to 
help limit airborne infections. The World Health Organization (WHO), in June 
2001, published new guidelines entitled “Infection prevention and control of epi- 
demic and pandemic acute respiratory diseases in health care.” The risk of infection 
spread is reduced, among the effective environmental models, by natural ventila- 
tion. The guidelines are also helpful for health-care workers, particularly infection- 
control professionals who work in health-care facilities. The procedure identifies 
that the hospital designers, operators, and health-care workers need to work unitedly 
for effective infection control. It also describes how an airborne precautions room 
and its adjacent areas can be designed to provide natural ventilation control of infec- 
tions [1]. Either measurement or simulation can evaluate ventilation effectiveness. 
Computational fluid dynamics and particle image velocimetry techniques permit 
the air distribution performance in a room to be modelled. However, more investiga- 
tion is necessary on the effects of ventilation rate on infection risk. The currently 
suggested mechanical ventilation rate is >12 ACH (air change for an hour) for air- 
borne isolation rooms. 


Isolation Rooms 
There are four types of isolation rooms: 


Class S Class S isolation rooms use regular air conditioning (neutral or standard air 
pressure rooms). They are used for contact isolation that necessitating the use of 
gloves, gowns, and masks to guarantee no one comes into direct contact with a 
patient with an infectious illness. 


Class P Positive pressure rooms. This type of room protects immunocompromised 
patients from potentially dangerous particles of other patients, visitors, or health- 
care staff. 


Class N Negative pressure rooms. This type of room protects outside people from 
any infectious airborne particles inside the room. Class N rooms should be located 
in the area in front of an in-patient unit, thus avoiding passing by other patients in 
different unit areas. A dedicated exhaust system should be identified as a negative 
pressure isolation room. To maintain negative pressure, the exhaust system elimi- 
nates a quantity of air more significant than that of the supply air. The exhaust air 
channel should self-regulate the building exhaust air system to decrease the risk of 
contamination due to back currents. It should release away from staff, visitor, and 
patient areas. The Isolation Room Ensuite exhaust should not be united to the build- 
ing toilet exhaust system. 
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Class Q These are unfavourable pressure rooms that require additional infection- 
control measures (e.g. an anteroom) and are used for quarantine. Class Q rooms 
provide higher precautions such as alarms to alert staff to loss of pressure inside the 
room, self-closing doors, a separate bathroom for the patient, and a ventilation sys- 
tem that does not allow any infected air to turn back into the room. 


Class A Alternating pressure rooms that can be used as either negative or positive 
pressure rooms. 


HEPA filters are used for the exhaust air to control polluted air entering the envi- 
ronment outside of the health-care buildings. Communication systems can be uti- 
lized to help staff harmlessly coordinate actions inside and outside of the room [2]. 


The Behaviour of Aerosols in a Room 


Aerosols are solid or liquid particles suspended in gas (or air) with a diameter of 
approximately 0.001-100 pm. The aerodynamic diameter (dae) is an important 
parameter in evaluating dispersion, sedimentation, and impact mechanisms. It is 
calculated as the ratio of particle size (do) to particle density (p) (dae = do/p). 
Aerosols are generally classified by mass median aerodynamic diameter (MMAD). 
However, the ability of an aerosol particle to carry viruses depends on the mass of 
the particle [3]. The relative humidity of the ambience changes the particle size of 
the exhaled aerosols. The particles shrink at low humidity but can increase in size at 
high humidity. All this involves a modification of their physical properties [4]. In an 
unconfined space, the force of gravity causes the particles to settle. According to 
Stoke’s law, the frictional force of air prevents the sedimentation of particles with a 
size below 0.5—1 ppm. Therefore, aerosols of this size remain at an almost constant 
level in a room and can be inhaled. Since aerosols of greater mass sink faster, the 
risk of encountering them will be greater near the aerosol source (1.e. the patient). In 
general, the question arises as to whether even smaller aerosol particles are present 
in the air of patient rooms that do not immediately sink into concentrations capable 
of causing infection. As these data are not available for coronaviruses, the following 
statements are mainly based on experiments and influenza viruses’ measurements. 
Several studies found that 99% of the respiratory aerosol fraction viruses could 
remain in flight for several hours. In samples taken from room air in health-care 
facilities, nurseries, and aircraft cabins during the flu season, 5.8 x 103 to 3.7 x 104 
copies of the virus were found per cubic meter of room air, which is 2 to 20 times 
the number of viral particles needed to establish an infection [5, 6]. This would 
mean that assuming ventilation of 10 L/min, this threshold would also be included 
in the virus’s vitality (survival time) in aerosols. New experimental data on corona- 
virus have shown that Sars-CoV-2 in aerosols has a half-life of 1.1 h (80). Whether 
a critical steady-state virus concentration in a patient room is possible also depends 
on the patient’s viral load (low- or super-spreader), the respiratory minute volume, 
and the size and ventilation of the room. In general, the aerosol transmission of 
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viruses seems to be quite possible. Although an increased risk of infection has not 
yet been proven, systematic room ventilation should be ensured, and the wearing of 
masks following current recommendations is advised. 


Transmission of Infection 


Airborne transmission of pathologies is caused by the dispersion of droplet nuclei 
that remain contagious when suspended in the air for long distances (>1 m) and over 
time. Airborne transmission can be additionally classified into obligate or preferen- 
tial. Obligate airborne transmission applies to pathogens transmitted only by the 
deposition of droplet nuclei under natural conditions. Preferential airborne trans- 
mission refers to pathogens that can start infection by various routes but are mainly 
carried by droplet nuclei. Information of droplet nuclei at the short-range during 
extraordinary circumstances, such as the performance of aerosol-generating proce- 
dures is associated with pathogen transmission. Droplets are generated from an 
infected (source) person primarily during talking, sneezing or coughing. 
Transmission occurs when these droplets containing microorganisms are projected 
a short distance (usually <1 m). The airflow from an infected source can drive infec- 
tion distant from the start. The incidence of disease decreases as the physical dis- 
tance from the source rises. One of the essential conditions for this infection type is 
that the airborne pathogen concentration’s reservoir area must be high enough 
(either due to high source strength or a low ventilation rate). It appears that the air- 
flow from an infected source with adequately high dilution may not lead to more 
contagion. There is no knowledge available on the specific amount of minimum 
dilution needed. There are insufficient data to assess minimum ventilation require- 
ments in isolation rooms or in non-isolation areas in hospitals to limit the extent of 
airborne infection. 


Ventilated Room 


Ventilation moves and distributes outside air into a room or a building. The goal of 
ventilation in buildings is to give a healthy atmosphere for breathing by diluting the 
pollutants originating in the building and eliminating the contaminants. Three meth- 
ods may be used to ventilate: natural, mechanical, and hybrid (mixed-mode) venti- 
lation. When natural ventilation alone cannot provide the recommended ventilation 
demands, other ventilation systems such as mechanical ventilation must be used [7]. 


Natural Ventilation 
Natural ventilation can usually produce a higher ventilation rate with lower costs 


due to natural energies and large openings. It can be more energy-efficient and per- 
mits to access higher levels of daylight. This type of ventilation may be classified 
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into simple natural ventilation systems and high-tech natural ventilation systems 
that are computer-controlled. 

High-tech natural ventilation may have the same restrictions as mechanical ven- 
tilation systems; however, it also has the advantages of mechanical and biological 
ventilation systems. If correctly designed, natural ventilation can be reliable, par- 
ticularly when combined with an automatic method using the hybrid (mixed-mode) 
ventilation principle. However, some modern natural ventilation systems may be 
pricier to create and produce than mechanical systems. 

The minimum hourly averaged ventilation rates for natural ventilation should be: 


¢ 160 1/s/patient (hourly average ventilation rate) for airborne precaution rooms 
(with a minimum of 80 1/s/patient) 

¢ 60 1/s/patient for general wards and outpatient departments 

e 2.5 I/s/m3 for corridors and other transient spaces without a fixed number of 
patients 


The plan must predict fluctuations in ventilation rate; it can happen to have a low 
air exchange rate during unfavourable climatic conditions. 

Natural ventilation does not need particulate filters, but variation in climate, 
security, and cultural criteria may command the opening/closing of the windows; in 
these conditions, ventilation rates may be much lower. When a high ventilation rate 
is demanded, the necessity for natural forces’ availability is also correspond- 
ingly high. 

When wind hits a building, it induces a positive pressure on the windward face 
and negative pressure on the leeward face. It is achievable to estimate the wind pres- 
sures for simple structures; there is no addition from mean wind pressures for 
single-sided ventilation. The rooms otherwise hermetically sealed, only from the 
fluctuating components covered the topic of unsteady pressures in some detail. This 
is a standard design; however, there are significant leakages around doors and other 
room entrances over time. It is important to remember that just because a window is 
open, sufficient air changes per hour (ACH) may not indeed be accomplished [8]. 

The wind pressure produced on a building surface is expressed as the pressure 
difference between the total pressure and the atmospheric static pressure. The wind 
pressure is proportional to the square of outdoor wind speed when the contour of the 
building, its enclosing condition, and wind direction are equal. 

Stack pressure is generated from the air temperature or humidity difference (den- 
sity difference) between indoor and outdoor air. This difference causes a difference 
in the pressure gradients of the interior and exterior air columns, causing a vertical 
pressure difference. When the room air is hotter than the outside air, the room air is 
less dense and lifts. Air enters the building through lower breaks and escapes from 
upper openings. The flow direction inverts, to a minor degree, when the room air is 
colder than the outside air. Air enters the structure through the upper openings and 
escapes through the lower openings. Stack (or buoyancy)-driven flows in a building 
are caused by indoor and outdoor temperatures. The ventilation rate through a stack 
is a function of the pressure differential between the two openings of that stack [9]. 
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Mechanical ventilation is based on fans. These can be installed straight on win- 
dows/walls or placed in air ducts for providing air into or draining air from a room. 
The type of mechanical ventilation used depends on the climate. In these cases, a 
positive pressure mechanical ventilation system is usually used. Conversely, in cold 
climates, exfiltration needs to be blocked, reducing interstitial condensation, and 
negative pressure ventilation is used. The negative pressure system is often used for 
a place with locally generated pollutants, such as a bathroom, toilet, or kitchen. In a 
positive pressure system, the room air is leaked out through envelope leakages or 
other openings. In a negative pressure system, the room air is compensated by 
“sucking” air from outside. A well-balanced mechanical ventilation system refers to 
the system where air supplies and exhausts have been experimented with and 
arranged to meet design specifications. The room pressure may be maintained either 
slightly positive or negative, achieved during unequal supply or exhaust ventilation 
rates. There are several advantages to a mechanical system. 

Mechanical ventilation systems are considered reliable in delivering the designed 
flow rate, regardless of the impacts of variable wind and ambient temperature. Air 
conditioning is the primary type of mechanical ventilation that permits indoor air 
temperature and humidity control. Filtration systems can be placed in mechanical 
ventilation to eliminate harmful microorganisms, particulates, gases, odours, and 
vapours. For instance, the airflow path in mechanical ventilation systems can be 
regulated, for example, letting the airflow from areas where there is a fount towards 
the areas without susceptible individuals. Mechanical ventilation can work every- 
where there is electricity. 

However, mechanical ventilation systems also have weaknesses; regular opera- 
tions may be interrupted for numerous reasons, including material failure, utility 
service interruption, poor design, low maintenance, or incorrect management. If the 
system services a critical department and there is a need for continuous service, all 
the devices may have to be backed up—which can be expensive and unsustainable. 
Installation and especially maintenance costs for the operation of a mechanical ven- 
tilation system may be very high. 

Unfavourable pressure rooms are characterized by lower inside air pressure 
than outside ones. When the door is opened, this results in the flow of potentially 
contaminated air from inside the room towards non-contaminated areas and vice 
versa. Exhaust system filters clean the air, sucked from the contaminated room, 
before pomping outside and away from the health-care facility. 

There are various ways to control airflow within a room: 


¢ Measuring the quantity and quality of the air put into and out of a room 

¢ Checking the air pressure between adjacent rooms or areas 

¢ Creating specific airflow patterns for particular clinical situations or procedures 
e Diluting infectious air with copious amounts of clean air 

¢ Purifying the air with HEPA filter 


Some unfavourable pressure rooms need an anteroom, an airlock room that gives 
health-care professionals a safe area to change into or out of protective clothing, 
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transfers or prepares equipment and supplies, and protects other rooms from con- 
tamination. The temperature and humidity must be monitored as the increased air 
exchange rate within the room can create streams that may hurt the patient. Negative 
pressure rooms do not have to be individual rooms for a single patient at a time. 

There are not official guidelines on how to monitor negative pressure rooms. A 
smoke or tissue test can be used to examine the pressure inside a negative pressure 
room: a smoke capsule or tissue is placed at the bottom of the opposing pressure 
room door; if these are pulled underneath the door, the room can be seen negatively 
pressurized. Although this is an easy and cost-effective test, it does not provide 
continuous monitoring of negative pressure rooms. Electronic monitors, equipped 
with an alarm, are placed in the isolation room and the areas outside the room to 
offer continuous monitoring of the room pressure. 


Modular Negative Pressure Isolation Room Design 


Novel coronavirus infections are spreading quickly with each passing day. This is 
putting an enormous strain on health-care infrastructure around the world, with no 
proven treatment insight. There is an immediate need for easy-to-manufacture test- 
ing and isolation rooms in regions with high population densities to prepare for a 
worst-case community spread scenario. As defined by ASHRAE guidelines, nega- 
tive pressure rooms and booths are used for preventing airborne transmission of 
respiratory diseases in hospitals. Ansys Fluent computational fluid dynamics (CFD) 
software can design a modular negative pressure room that is also easy to manufac- 
ture. Scalable testing and isolation infrastructure are required for regions with 
higher population density during the community spread phase of COVID-19. A 
well-designed, negative pressure room, as per ASHRAE/ASHE Standard 170-2017, 
and the ventilation of health-care facilities require expensive infrastructure [10]. 

Airborne infection isolation rooms (unfavourable pressure rooms) prevent 
patient-released pathogens from escaping. It recommends having at least 12-times 
ACH for hospital applications to facilitate adequate ventilation. All the ventilated 
air is passed through a HEPA filter to remove 95% to 99% of the contaminants 
before they are released to the outside ambient air. A centrifugal blower with 
backward-facing blades is generally used downstream of this ventilation system to 
create the required negative/suction pressure. The minimum flow rate needed for 12 
ACH is approximately 130 CFM for a room volume of 648 cubic feet. The pressure 
fall across the HEPA filter was modelled using the porous media model. In the simu- 
lation, massless pathlines are regenerated with a velocity of around | m/sec to com- 
pute the flow of the expelled gases from the patient’s mouth. Research has shown 
that expelled gas velocity of about | m/sec from the patient nose/mouth region is a 
good representative value for designing a ventilation system in a negative pressure 
room [11]. 
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Hybrid or Mixed-Mode Ventilation 


Hybrid ventilation is based on natural driving forces providing the desired flow rate. 
When the flow rate is not enough to produce natural ventilation, it uses the mechani- 
cal type. When natural ventilation alone is not available, exhaust fans (with ade- 
quate pre-testing and planning) can be placed to increase ventilation rates in rooms 
with patients affected by airborne infections. This easy type of hybrid (mixed-mode) 
ventilation should be used with caution. The fans should be put wherever room air 
can be drained straight to the outdoor environment through either a wall or the roof. 
The size and number of exhaust fans depend on the targeted ventilation rate and 
measured and tested before use. Problems associated with exhaust fans’ use include 
placing difficulties (especially for large fans), noise, temperature alteration in the 
room, and the necessity for a non-stop electricity supply. If the room environment 
causes thermal discomfort, spot cooling or heating systems, and ceiling fans may be 
added. An extra possibility is installing whirlybirds that do not require electricity 
and provide a roof-exhaust system improving airflow in a building [12]. 
Three methods are possible for hybrid ventilation systems: 


e Fan-assisted stack: When extraction, fans supplement the ventilation rate. Inlet 
air is warmed and chilled to maintain comfort for building occupants. 

¢ Top-down ventilation (fan-assisted stack plus a wind tower): Extraction fans 
supplement the exhaust ventilation rate while the wind tower’s supply ventilation 
rate increases (wind scoop). Inlet air is warmed and cooled to maintain comfort 
for building occupants. 

¢ Buried pipes: Not ideal for high ventilation rates. When the ground is available, 
ventilation tubes (ducts) can be hidden. If air remains underground for long 
enough, the air will accost the steady-state subterrene temperature (i.e. warming 
or cooling the outside air). 


Assessing Ventilation Performance 


Two overall performance indices are frequently used. The Air Exchange Efficiency 
(air change per hour and the room manage of air) indicates how the fresh air is being 
distributed. In contrast, Ventilation effectiveness means how efficiently the airborne 
pollutant is being eliminated from the room. Engineers define the local management 
of air as the average time that the air takes to arrive when it first enters the room, and 
the room manages air as the average age of air at all points in the room. The age of 
air can be measured using tracer gas techniques. For mixing ventilation, the air 
exchange efficiency is 50%. The air exchange efficiency for displacement ventila- 
tion is somewhere between, but the air exchange efficiency is less than 50% for 
short-circuiting. Either measurement or simulation can evaluate ventilation effec- 
tiveness. In easy words, the ventilation flow rate can be measured by estimating how 
fast injected tracer gas is decomposed in a room or by measuring the air velocity 
through ventilation openings or air ducts, besides the flow area. The movement of 


Negative Pressure Rooms or Well-Ventilated Rooms 271 


smoke may display the airflow direction. Computational fluid dynamics and particle 
image velocimetry techniques provide the air distribution scheme in a room to be 
represented [13]. 


Mechanical Versus Natural Ventilation for Infection Control 


Whether to utilize mechanical or natural ventilation for infection control should be 
based on demands, resource availability, and the system’s cost to provide the best 
power to halt the risks. Mechanical ventilation is costly to install and sustain in 
isolation rooms. It often does not deliver the necessary ventilation rate and may 
miss keeping negative pressure (or even be under positive pressure). Primary factors 
associated with the faulty operation of the airborne infection isolation rooms 
included: 


Imbalanced ventilation systems (54% of failed rooms) 
Shared anterooms (14%) 

Turbulent airflow patterns (11%) 

Automated control system imprecision (10%) 


Also, many mechanical ventilation problems can emerge from the lack of active 
collaboration between medical and technical personnel, which can not occur with 
natural ventilation. 


The Association Between Ventilation and Infection 


Many studies warn that insufficient ventilation increases disease transmission, but 
there is little evidence that ventilation directly reduces disease transmission risk. 
There are not many studies looking at the direct impact of ventilation on disease 
transmission. The presence of pathogens in room air may suggest a possible, indi- 
rect association between ventilation and disease transmission. However, other 
aspects (e.g. infecting dose, host susceptibility, pathogen infectivity, and other envi- 
ronmental factors) are crucial for determining a pathogen’s capacity to be transmit- 
ted. Consequently, data on the presence of pathogens in the air does not produce 
complete evidence for disease transmission and should be used in combination with 
other data (e.g. epidemiological data). The design of general ventilation systems can 
play an essential role in preventing infections. The diagnosis of airborne infectious 
disease is not easy and often delayed, so patients with contagious diseases that 
spread quickly and easily through the air (e.g. chickenpox, measles, tuberculosis) 
should be placed in airborne precaution rooms. Promoting the correct type of venti- 
lation in these common and non-isolated spaces could lead to notable infection- 
control advantages. However, disease control and prevention strategies include 
assessing advice and resources and applying appropriate regulatory controls, engi- 
neering and environmental controls, and PPE combined with a conventional 
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ventilation system. High air change rates are required when infection control is the 
main building design objective. Before building design starts, the impacts of the 
high air change rates on the overall indoor environmental conditions such as thermal 
comfort, indoor air quality, fire safety, noise and air pollution must be valued [14]. 
In cold attitudes, the need for heat inside the building can contrast with the high air 
exchange rate required for infection control. In transitory seasons of hot and humid 
climates, condensation in the ward interior can produce wet beddings and floors 
other than mould and mildew growth—resulting in harmful conditions for the 
health. On the other hand, large openings in the buildings allow insects, wild ani- 
mals, and other undesired intruders. They may also cause issues relating to safety 
and vector-borne infectious disease control. 

A single-row ward layout acts better than a double-row design with a central cor- 
ridor in natural ventilation and daylight. Large areas should always have big win- 
dows on facing walls. With the central corridor design, natural ventilation may be 
increased by combining cross-ventilation with the stack one through corridor vents 
or shafts in multistorey buildings. For multistorey hospitals, stairwells and other 
shafts can exhaust ventilation systems to avoid warm air entering the upper-level 
offices. The shafts’ outlet openings should be located on the building’s leeward side, 
above the upper floor level, with the inlet openings on the building’s windward side. 
As the building’s width is limited, the penetration or depth of wind-driven natural 
ventilation is limited [15]. 


The Cotugno Hospital (Naples) Experience 


In January 2020, following the growing concerns about the rapidly spreading out- 
breaks identified in Bergamo (Italy), Prof. Umberto De Martinis and Ing. Michele 
Ramaglia (experts in advanced technologies) proceed with the verification and 
reconfiguration of Hall G in Cotugno hospital. It was immediately apparent that an 
airborne microorganism involved the respiratory system, and it was primarily com- 
promised. That ward for the infected is based on the following consolidated princi- 
ples in the field of health management: planovolumetric inlet filter; separate 
clean-dirty paths; locker rooms; fully air-conditioned air systems with high filtra- 
tion both at the inlet and the outlet; CCTV communication systems within the wards 
with a direction and health control area; hospital rooms with adjustable pressure, 
with negative pressure isolation filter; medicine shop; wardrobe; dirty room; kitch- 
enette—room for small interventions; department reclamation; toilets for staff; 
clean rooms with attached services. In particular, hospital rooms must always be 
preceded by a filter, which is always directly in front of the entrance or side door 
(double entrance). The filter still has a place for washing and disinfection. The 
change of gowns and any aids (masks, disposable gloves, etc.) can be placed along 
the path or in the filter with appropriate airtight bags. For obvious reasons, in the 
construction of the structure, single rooms or at most two-bedded rooms are pre- 
ferred, equipped in any case with autonomous toilets (the spread of Covid already 
present in the foul-smelling gases of faecal matter should not be underestimated). 
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Fig. 1G group. A schematic representation of recovery room 


The floors must be, as usual throughout the hospital, free from cracks, washable and 
disinfectable, resistant to washing and disinfection (possibly with cationic deter- 
gents), as well as to the frequent movement of the beds. The walls must be smooth, 
washable, and disinfectable, possibly free of unnecessary protrusions, edges, and 
corners. An area of particular importance is represented by the staff entrance and the 
relative changing room. Both the gate and the path must be studied and kept sepa- 
rate from the remaining structures. A structural hypothesis is outlined in Fig. 1. In 
conclusion, it is appropriate to recall the particular structural needs of the so-called 
high isolation units provided by Italian law 323 of June 7, 1977. According to the 
infections, it is superfluous to underline that a department for specialized infected 
constitutes a self-sufficient compound, as far as possible. 


Ventilation: Technological Adaptation 


It is possible to introduce external air by opening the windows in homes and offices 
and public places through the doors or using air conditioning systems with forced 
ventilation to introduce external air moved by fan machines. 

Unfortunately, by only opening the windows, introducing the amount of external 
air necessary to exchange the air in the room is not always guaranteed. Still, very 
often, there are areas where the air is not traded in any way, forming stagnation. 
Therefore, with the only opening of the windows, it is not possible to be sure of 
having diluted the potential concentration of virus in the environment. In this case, 
the air is not controlled in the thermo-hygrometric parameters. In particular, due to 
physical laws, the amount of air introduced through an open window increases 
when the difference between the temperature inside the rooms and the outside air 
increases: it is more significant in winter than in spring-summer. 

On the other hand, with forced ventilation air conditioning systems, the quantity 
of air necessary for the necessary, hourly change is introduced into the rooms, where 
and when you want and in a controlled measure. Using these air conditioning sys- 
tems reduces the risk of contagion precisely because the possible concentration of 
viruses inside the closed rooms is diluted, removing the infected particles from 
the place. 


274 


A. Marotta et al. 


In an exciting supplement to the journal Critical Care Medicine, dedicated 


entirely to the future directions that infection control must take in the hospital and 
intensive care, Jerdene Barltley and Andrew Streifel have designed their own rules 
for intensive care, a safe environment for hospitalized patients [16]. 


Key Points 

1. Airborne transmission of pathologies is caused by the dispersion of drop- 
let nuclei that remain contagious when suspended in the air for long dis- 
tances (>1 m) and over time. 

2. In health-care facilities, adequate ventilation in all patient-care areas is 
essential to help limit airborne infections. 

3. The risk of infection spread is reduced, among the effective environmental 
models, by natural ventilation. 

4. The currently suggested mechanical ventilation rate is >12 ACH (air 
change for an hour) for airborne isolation rooms. 

5. Hybrid ventilation is based on natural driving forces providing the desired 
flow rate. When the flow rate is not enough to produce natural ventilation, 
it uses the mechanical type. 


Acknowledgement Prof. Umberto De Martinis and Ing. Michele Ramaglia for their technologic 
support, udemartinis@ gmail.com, mario.ramaglia @ adiramefgroup.it. 
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Introduction 


Air filters are medical devices used in breathing circuits with the aim to protect 
patients, equipment, and the environment from cross infection due to pathogens 
able to spread by air. The first rudimentary filters in gas masks were born during the 
second World War to protect against biological, chemical, and radiological agents, 
and they are considered precursor of the current high-efficiency particulate air 
(HEPA) filters [1]. 


Microorganism Sizes, Particle Classification, and Pathogenesis 


Virus and bacteria capable of spreading by air are measured in nanometers (nm) 
which constitute the unit of measure used in filtration materials, keeping in mind 
that 1 nm is equivalent to 1/1000th of a micron (um) and a pm is one millionth of a 
meter (m). A single viral capside can range from 0.02 to 0.4 tm in diameter, depend- 
ing on the viral strain [2]. For example, the diameter of a SARS-CoV-2 virion is 
between 0.06 and 0.14 pm [3], while a coliphage T1 virion is 0.017 jm; hepatitis A, 
0.02 um; hepatitis C, 0.03 zm; and HIV, 0.08 pm [4]. In contrast, the diameter of an 
individual bacterium of Staphylococcus aureus can be as large as 1.0 1m, much less 
when compared with human lymphocytes or red blood cell from 5.0 to 8.0 pm and 
5.0 jm respectively [4]. Many respiratory viruses, such as SARS-CoV-2 and influ- 
enza virus, may spread to a person who touches a contaminated surface but primary 
routes remain the respiratory aerosol generated by sneezes, coughs or talks from an 
infected subject [5]. Respiratory transmissions occur via carrier particles, classified 
as either a droplet or an aerosol [6]. 


¢ Respiratory droplets are particles sized larger than 5—10 pm in diameter [7, 8] 
with a short transmission distances [9]. Current evidence suggests that SARS- 
CoV-2 is transmitted through respiratory droplets and contact routes [5]. 

¢ Aerosols, also known like “airborne nuclei,” are made of particles sized smaller 
than 5 pm [10] with a transmission distance greater than | m and the ability to 
remain in the air for longer time. In experimental settings, aerosols of SARS- 
CoV-2, in concentrations similar to that sampled from the human respiratory 
tract, remained viable for a minimum of 3 h [11]. 


To cause disease, a particle, regardless of its size, must transport the infectious 
virus and this virus must survive long enough to reach a host [10]. Studies that 
explored the relationship between particle size and infectiousness have documented 
that larger particles have the capability of transmitting more infectious and total 
virion concentrations [6]. Survivability of viruses in large particles, 0.3—0.45 yum, is 
significantly higher than of those contained in smaller particles, 0.1-0.2 um, which 
are themselves close in size to that of individual virions [2]. However, smaller par- 
ticles can permit viral survivability of several hours. In a controlled laboratory set- 
ting, investigator-generated aerosols with carrier particles sized less than 5 um 
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carried after 3 h 10 SARS-CoV-2 virions per milliliter at a concentration of the 50 
percent tissue-culture infectious dose (TCID5S0) [5]. The TCIDS0 is a standard mea- 
sure of infectious virus titer, that defines the quantity of virus necessary to kill or 
have a cytopathic effect on half of the infected host cells [11]. 


Filter Technology, Composition, and Aims 


Artificial breathing systems rely on disposable filters for purification and use heat 
and moisture exchangers (HME) for warmth and humidification. Filters have vari- 
able composition and form that determine mechanical ability to withhold microor- 
ganisms and particles. Their aim is to capture gas-borne pathogens, particles, 
contaminated condensate, infected sputum or circulated air [12]. This variation 
stems from the design and composition of the filters, which are a matted three- 
dimensional network of fibers. We can identify six main categories of breathing 
systems given by combination of HME and filter [12]. 


. HME with no filter 

. Electrostatic filter only 

. Pleated filter only 

. Electrostatic filter with HME 

. Pleated filter with HME 

. Combined electrostatic and pleated filter with HME 


NnBWN re 


Systems that use a filter and an HME, like 4, 5, and 6 above, may be called HME 
filters or HMEFs. 

Pleated filters are made from high-density fiber hydrophobic membranes folded 
which have a high surface area as compared to its counterpart, the nonpleated air 
filter. The membranes have small pores that avoid microorganism alone or water 
droplets carrying pathogens to pass, without impeding airflow [13]. Pleated filters 
also may be referred to as mechanical; they can reach higher filtration efficiency 
than electrostatic filters, but they impose higher airflow resistance. On the other 
hand, the electrostatic filters are made of low-density fibers with electrostatic 
charges that are involved in capturing particles. 

There are two types of electrostatically charged fibers: fibrillated or tribocharged. 
Fibrillated ones are made by splitting sheets of electrostatically charged polypropyl- 
ene. Tribocharged fibers are created by rubbing two types of fibers together (poly- 
propylene and modified acrylic) [14]. The positive and negative electrostatic charges 
of the fibers attract bacteria, viruses, and small-sized, low-mass particles that move 
slowly as during normal breathing [12, 15]. 

The success of filter membrane function depends not only on its design and com- 
position, but also on the size and nature of the target pathogen or particles. In par- 
ticular, we have four mechanisms (Fig. 1) through which filters perform their 
function and these depend on size and movement behavior of particles relative to a 
filter, as defined in a work of Ramskill and Anderson in 1951 [16]. Filters can 
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Fig.1 Filtration 
mechanism 


Inertia 


Interception 


Diffusion 


Electrostatics 


capture particles suspended within a moving airflow by impact inertia, interception, 
diffusion or electrostatic interaction. Filters capture particles ranging from | pm to 
larger than 10 ym in diameter via inertial impact and interception, while smaller 
low-mass particles, 0.1 to 1.0 jm, are subject to diffusion. 


e Inertia: Due to inertia forces, particles cannot fully follow the air streamlines that 
flow around a fiber. Instead, they hit the fibers at a certain proximity on a less 
curved path. The importance of inertia for particle collection increases with 
increasing particle mass and increasing particle velocity. In the case of the typi- 
cal air velocity in air filtration, the inertia effect becomes dominant from a par- 
ticle diameter of > 1 pm [17]. 

¢ Interception: This principle means that the path on which a particle’s center of 
gravity moves passes the fiber at a distance of less than half the particle diameter. 
The particle therefore hits the fiber and is deposited there. The probability of a 
particle hitting a fiber due to interception increases with the particle size. 
Interception dominates arrestance for particles with diameters between 0.5 and 
1 pm [15]. 

¢ Diffusion: Due to the irregular thermal movement known as Brownian motion, 
the particles oscillate. This means that some very small particles that would oth- 
erwise pass a fiber hit them and are deposited there. Diffusion-based particle 
collection increases with decreasing particle size and decreasing air velocity. 
Assuming there is no predominant electrostatic interaction, nanoparticles (i.e., 
particles with a diameter of < 100 nm) are deposited almost exclusively by diffu- 
sion [18, 19]. 

¢ Electrostatics: Electrostatic interaction causes particles to be attracted to the 
fibers. If the particles and fibers have opposite electrostatic charges, they will 
attract each other. However, if only the fiber or particle is electrostatically 
charged, it is also sufficient to polarize the respective counterpart to generate a 
force of attraction. Electrostatic interaction-based particle collection decreases 
with increasing air velocity [18]. 
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The combined effects of interception, inertia, and diffusion have the least ability 
to enable efficiently capture particles sized 0.3 pm, well within the range of aero- 
sols [4]. 

For this reason, 0.3 pm is a demarcation for filtration and is referred to as the 
most penetrating particle size (MPPS) for its ability to slip through the individual 
fibers in a filter without capture. 


Filtration Standards 


Filters in breathing circuits are not subject to internationally recognized standards 
nor tested through MPPS measures as usually happens with face mask respirators 
[20]. Currently, no US regulations or guidelines require a standard approach or 
threshold to address the use of filters in a breathing system, to shield the spread of 
infectious pathogens to or from patients [18]. 

The ability to reduce transmission of particles or pathogens can define filter 
types. High-efficiency particulate air (HEPA) filter specifically refers to the effi- 
ciency of capturing particles with a MPPS diameter size of 0.3 jm [4]. Bacterial and 
viral (B/V) filters are defined by their ability to filter particles with a diameter size 
of 3.0 pm, and are used to reduce the risk of cross contamination of pathogens that 
cause disease, including for patients who may be immunocompromised, infectious 
or with unknown infection status [19]. 


Cross Contamination’s Risk 


In critical care or anesthesia, a major concern is offered by possible cross contami- 
nation via breathing circuits without filters. This possibility is caused by respiratory 
pathogens such as Mycobacterium tuberculosis (TB) and severe acute respiratory 
syndrome (SARS) virus which risk spreading in environment air and infecting other 
patients or healthcare professionals. Moreover, contact transmission of hepatitis C 
virus (HCV) also is possible via circuits [21]. 


e TB, if active and untreated, can spread via sneezing, coughing or talking and just 
ten bacilli represent a potent infectious dose. Patient-patient and patient- 
healthcare professional transmissions have been documented. After use, TB 
bacilli can remain within breathing circuit air unless the gas flow is halted for at 
least an hour. Both pleated hydrophobic and electrostatic filters are capable of 
capturing TB particles if they have high enough filter efficiencies [6]. 

e SARS is a virus spread via contact and respiratory transmission of infectious 
droplets, with documented cross contamination from patient to healthcare pro- 
fessionals, despite the use of high-efficiency personal protective equipment. 
Electrostatic filters when wet can deteriorate and permit the passage of the SARS 
virus [8]. 
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e Influenza A viral strains of the avian flu (H5N1) and swine flu (HIN1) spread via 
respiratory droplets. Documented patient-healthcare professional transmission 
from a distance of | m has been documented. We need high-efficiency pleated 
filters to capture influenza particles [6]. 

¢ HCV could cause cross contamination via unfiltered breathing circuits. Pleated 
hydrophobic filters have consistently prevented HCV diffusion within cir- 
cuits [22]. 


Clinical Practice 


Air filters are classified upon their ability to capture particles: efficiency particulate 
air (EPA), high-efficiency particulate air (HEPA), and ultra-low penetration air fil- 
ters, respectively retain a minimum of 99.95%, 99.97%, and 99.999% of 0.3 ym 
particles. When using an expiratory filter to protect healthcare workers from air- 
borne contaminants, it is mandatory to consider the filter’s efficiency. To prevent the 
spread of TB in breathing circuits, filters with a 95 percent or greater efficiency for 
MPPS particles of 0.3 pm shoud be used in both the unloaded and loaded states at 
the ventilator’s maximum flow rate [23]. B/V filters with 99.97 percent efficiency 
are recommended to prevent SARS transmission [18]. In testing, efficacy ratings of 
99.9999 percent for a HEPA or B/V filter are better than ratings of 99.97 percent. 
The aim to use filters in expiratory circuit is to prevent bacterial and viral contami- 
nation thanks to filtration of breathing circuits in order to reduce infections, such as 
postoperative infections or ventilator-associated pneumonia (VAP). However, clini- 
cal reports did not demostrate a constant decrease of infections with the use of 
expiratory filters in respiratory circuits [12, 21]. Therefore, the efficacy of filters 
remains incompletely proven and a validated standard test, that can be uniformly 
applied to prove efficacy, does not currently exist. Moreover, depending on the 
device type and the specific particles size, certain devices might be inefficient. In 
fact, filtration efficiency is extremely variable, and manufacturers’ tests are often 
misleading [14, 19]. 

In clinical practice, we can connect air filters in different positions within a dual- 
limb breathing circuit as shown in Fig. 2. 


1. First position: B/V filters on the inspiratory limb protect the equipment from 
contamination with exhaled air and prevent patient contamination in case of 
breathe room air through the safety valve that some ventilators open in case of 
sudden failure. The inspiratory filter does not prevent environmental contamina- 
tion. Mechanical characteristics of inspiratory filters do not change significantly 
over time because the gas flowing through them is clean and dry. Another pos- 
sible concern is pressure drop across the filter: this may affect the inspiratory 
flow and pressure waveform. If the ventilator measures the airway pressure at the 
Y-piece, it automatically compensates for the filter load. If not, the breathing 
circuit should be calibrated with the filter in place, so that the ventilator esti- 
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Fig. 2 Positions of the filters in a dual-limb breathing circuit 
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mates the mechanical properties of the breathing circuit and compensates mea- 
surements accordingly. 

2. Second position: When the filter is positioned between the breathing circuit and 
the airway interface, it protects patient, equipment, and environment from air- 
borne contamination [24, 25]. HMEs should be placed only in this position but 
this configuration may increase dead space [26]. The ventilator cannot detect the 
effects of a filter between the Y-piece and the airway interface; therefore, we 
advice to monitor ventilation waveforms over time to identify possible conse- 
quences of increased filter resistance. 

3. Third and fourth position: Expiratory filters prevent bacteria or virus transmis- 
sion to the environment. Contrary to inspiratory filters, they do not add dead 
space but they could increase circuit compliance and resistance. The increase of 
the expiratory line resistance prolongs the expiratory time causing issues in 
patients at risk of developing intrinsic positive end-expiratory pressure (PEEP; 
e.g., patients with chronic obstructive pulmonary diseases or with small endotra- 
cheal tube). The increase of expiratory resistance is determined by humidity of 
the gas flowing through the expiratory filter that may deteriorate filter tissue and 
nearly occlude it [27]. The highest risk occurs using an HME filter in third and 
fourth positions with humidified gasses and nonheated expiratory lines [28, 29]; 
therefore it is advisable to connect HME filters in second position. If the expira- 
tory limb of the breathing circuit is not heated, a water trap on the expiratory line 
may reduce the risk of filter humidification. To overcome these problems, we 
advice to check that the airway pressure reaches the preset PEEP level and set 
the “high PEEP” alarm, if present on ventilator, at a value only slightly higher 
than the desired PEEP. The expiratory filter should be changed if PEEP tends to 
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increase compared with the preset value, in the presence of rainout, after 
nebulization, and, in any case, every 12-24 h. During filter replacement, the 
healthcare provider should use caution because opening the breathing circuit is 
an aerosol-generating procedure with potential infection risk. The resistance of 
the filter connected in position 3 produces a pressure drop between the patient’s 
airways and the inlet of the expiratory valve, which controls the pressure inside 
the breathing circuit. Therefore, we recommend the use of the expiratory filter in 
position 3 if the ventilator measures airway pressure at the Y-piece. If the ventila- 
tor does not have a proximal pressure port, connecting the filter at the outlet of 
the expiratory valve (position 4) allows a more accurate estimate of the pressure 
applied to the patient. Connecting the filter in position 4 is possible only if the 
outlet of the expiratory valve is channeled to a duct. 


In the same way, we can connect air filters in different positions within CPAP 
circuit as shown in Fig. 3: 


1. First position: HME filters and tubes with smooth inner surface on the inspira- 
tory limb are important to reduce the noise generated by the turbulence of the air 
flow passing through the circuit [30]. 

2. Second position: The expiratory filter in this position can increase resistance and 
prolongs the expiratory time causing issues in patients at risk of developing 
intrinsic positive end-expiratory pressure as in COPD patients. The filter 
increases the resistance to air flow, to overcome which a gradient of 1-4 cm of 
H,0O is required and it is known to be directly proportional to the exhaled air flow 
(this explains why the increase is slightly greater with the helmet compared to 
the mask). Also, after more than 24 h of use, the gradient can further increase. In 
most patients it does not play an important role, but it may have some signifi- 
cance in patients with reduced respiratory drive or evident exhaustion of the 
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Fig. 3 Positions of the filters in CPAP circuit 
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Fig. 4 Increase of PEEP value by filters in expiratory position—relationship between flow and 
PEEP by the mask and helmet 


respiratory muscles (Fig. 4). We advice to change expiratory filter if PEEP tends 
to increase compared with the preset value, in the presence of rainout, after neb- 
ulization, and, in any case, every 12—24 h. 


Risks 


Filters have been safely used in breathing circuits for more than 24 h, but it is essen- 
tial to know for what applications such durations were employed. Investigations of 
HME filters have found that use for 3 days up to | week, in comparison to 24 h, in 
an intensive care setting did not reduce efficacy, nor increase bacterial colonization 
or hospital-acquired pneumonia [31—35]. However, prolonged use of HME filters 
may produce several issues, including occlusion and inhalation of the patient’s 
exhaled carbon dioxide (EtCO2). 


Occlusion Risk 


Respiratory tract secretions or circuit condensation may create moisture saturation 
of HME filters causing air resistance to a ventilator circuit. The moisture saturation 
causes high peak airway pressures during inspiration and expiration [27]. Of note, 
in unassisted breathing, a patient’s normal ventilation of seven LPM-1 has a 
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humidity of 32 grams (g)/m* at temperatures of 32 to 34 °C. When breathing cir- 
cuits are used in intensive care, the target humidity is 30 g/m? at a minimum of 
30 °C, and for anesthetic use, 20 g/m-3 [12]. If humidity is inadequate during critical 
care, mucus can thicken and inhibit mucociliary transport causing cell damage and 
decreasing the function of both patient’s respiratory system and external equipment 
[32]. Moreover, HME filters blocked with moisture can increase baseline airway 
pressure and favor tracheal tube occlusion [27]. Clogged HME filters also can cause 
progressive declines in tidal volumes with secondary hypoventilation, hypercapnia 
or desaturation, or in the case of severe obstruction, atelectasis or pneumothorax 
[27]. Additionally, increased resistance may contribute to inaccurate assessment of 
the system mechanics, inappropriate medical therapy, such as the use of bronchodi- 
lators, or difficulty in patient weaning from ventilation [27]. If a saturated HME 
filter creates an obstruction, the circuit pressure will rise to the ventilator’s limit, 
triggering an alarm. Typically, the ventilator pressure limit should be 30 to 40 cm 
H,0 [12]. The risk associated with HME filter-related occlusions may be reduced 
by placing the filter at a level higher than a patient’s lungs and keeping the filter in 
a vertical orientation. Moreover, an increase in pressure-support ventilation 
(5 + 10 cm H,O) might compensate the increased work of breathing with the use of 
HME filters [27]. 


EtCO2 Risk 


With HME filters, the dead space of the breathing circuit is extended with conse- 
quent increase in the risk of inhalation of more of the patient’s CO). On the machine 
side, the gas mix includes fresh gas with a lower partial pressure of CO), while the 
patient’s side can become purely expired gas. As a result, the patient may present 
high spontaneous respiratory rate, arterial partial pressure of CO), and intracranial 
pressure [31]. 


Filters in SARS-COV-2 Era 


Currently no data exist examining the efficacy of breathing circuit filters in prevent- 
ing SARS-CoV-2 transmission to patients or healthcare workers. Transmission of 
the virus is primarily respiratory and the use of filters in a breathing circuit could 
decrease viral transmission; however, the minimum specifications for efficacy to 
protect against SARS-CoV-2 passage are unestablished. SARS-CoV-2 virion is 
approximately 120 nanometers in diameter (0.06—0.14 1m), and travels from person 
to person in biological carrier particles such as droplets or aerosols [33, 36, 37]. 

For these reasons, procedures related to airway and ventilation management 
(e.g., High-flow nasal cannula, continuous positive airway pressure (CPAP), nonin- 
vasive ventilation (NIV), bag-mask ventilation, and bronchoscopy) are classified as 
“High risk for healthcare worker contamination” [38, 39], beacuse of the generation 
of aerosol and the risk of viral transmission to healthcare providers. 
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To limit the SARS-COV-2 spreading from patients to staff, the recent guidelines 


recommend: 


Admit patients with COVID-19 in insulated room with negative pressure. 

Use helmets as NIV interface because this interface may reduce virus spread 
compared to other interfaces such as face masks or high-flow nasal oxygen [40]. 
An HEPA filter should be positioned at the helmet outlet so that patient’s exha- 
late could be filtered avoiding environmental contamination. Due to its hydro- 
phobic membrane, HEPA filter cannot be passed by potentially contaminated 
fluids (e.g., blood, sputum, condensate) under normal pressure conditions of 
mechanical ventilation (viral filtration efficiency: 99.97%) [30]. 

Place HEPA filter after the expiratory valve so that the filter does not interfere 
with the ventilator expiratory valve and can be replaced daily without opening 
the breathing circuit. 

For patient requiring mechanical ventilation, use only ventilators which feature 
dual-limb circuits. 

When patients require manual ventilation, position a HEPA filter between the 
manual resuscitator and endotracheal tube or face mask. 

Use heated humidification system with heated-wired tubes associated with a sig- 
nificant decrease in PaCO2 levels [41]. 

Avoid unnecessary disconnection of breathing circuit [39]. 
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Introduction 


Healthcare workers are exposed to various occupational risks. Infections constitute 
the most common and important cause of morbidity and mortality among these 
risks. The use of personal protective equipment (PPE) is important to protect against 
diseases that are at risk of transmission through blood, body extracts, contact, and 
respiration, and to prevent healthcare-related infections and cross contamination. 

Severe acute respiratory syndrome SARS-CoV in 2002-2003, influenza epi- 
demic HINI1 in 2009, MERS-CoV in 2012, Ebola virus in 2014-2016, and the 
novel coronavirus disease 2019 (COVID-19 or nCoV), which started in China in 
December 2019 affected the world. During the pandemics, healthcare workers were 
at the forefront and faced the risk of infection. 

Standard PPE for patients with suspected or confirmed highly pathogenic viruses 
includes the use of a gown, gloves, a respirator or medical mask, and eye or face 
protection. 
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Steps of Using Personal Protective Equipment 


First of all, hand hygiene should be provided. Afterwards, a disposable protective 
gown is worn over the workwear (preferably a surgical form made of cotton fabric). 
The gown should provide front and back protection from the neck to the wrists and 
knees in one piece. The wrist bands of the gown should be designed to fit easily over 
disposable gloves. A surgical mask or N95-FFP2 half-face mask is worn after dis- 
posable gowns. It should be checked that the nose, mouth, and chin are completely 
covered by the mask. The face shield or protective goggles are adjusted and fixed 
according to the width of the head circumference. It is checked that the face shield 
covers the entire face, including the sides. Disposable examination gloves are worn 
by putting on the wristbands of the protective gown. Easily cleanable/waterproof 
shoes that do not expose the heels/toes should be worn under PPE (Fig. 1) [1]. 


Fig. 1 How to put on 
(Don) PPE gear 
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PPE taking off should be carried out in the area allocated for this operation. 
Medical waste bins and the necessary hygiene materials (water, soap or hand sani- 
tizer) should be available in the area where PPE is removed. First of all, any con- 
tamination from the gloves is cleaned using hand disinfectant. Gloves are removed 
carefully, thrown into the bin, and then hand hygiene is applied. After removing the 
face shield/protective goggles, the protective material is left untouched in the medi- 
cal waste bin. If it is disposable or it is reusable, the protective material is left in the 
area designated for decontamination. The protective gown is removed from the neck 
and shoulders by folding from the inside out and from top to bottom. The removed 
gown is thrown into the waste bin. Without touching the outer surface of the surgical 
mask/N95-FFP2 half-face mask, the mask is taken off and thrown into the waste 
bin. If disposable shoe covers are placed on the shoes, both shoe covers are removed 
and thrown into the waste bin without touching any place with the hands. Hand 
hygiene is applied after PPE is removed (Fig. 2) [1]. 


Fig.2 How to take off 
(Doff) PPE gear 
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Some institutions also require hair and shoe covers for providers when caring for 
patients with COVID-19 (e.g., on a dedicated COVID-19 ward or intensive 
care unit). 


Features of Personal Protective Equipment 
PPE for protecting the respiratory system and mouth can be classified as follows: 


1. Surgical Masks 

2. Particle Filtration Face Respirators (FFRs) 
(a) FFPs [Filtering Faceplate or Filtered Face Masks (FFP-1/2/3)] 
(b) Respiratory Filters (N/R/P; 95/99/100) 


Surgical masks function as a mechanical barrier against splashes and droplets but 
they are permeable to aerosols and they have limited protection. 

FFPs, consisting of a mask and filter, provide protection against dust smoke and 
aerosols at varying rates, but without protection against steam and gas. 

FFPs are classified according to European Standards (European Norm). The 
accepted minimal filtering rate is 80%; FFP-2’s and 3’s are effective against parti- 
cles between 2 and 5 pm diameter, FFP-3’s are effective against particles smaller 
than 2 pm, and FFP-3’s are considered to offer the highest level of protection. 

Respiratory filters are classified according to protection against oil-soluble aero- 
sols (if not resistant: N; if partially resistant: R; if highly resistant: P) and how much 
they can filter the aerosol in the environment (95%, 99%, and 100%). Established 
criteria by NIOSH (US National Institute of Occupational Health and Safety) are 
used for classification [2, 3]. 

Gloves reduce the risk of hand contamination by preventing the passage of the 
infectious agent. There are varieties of gloves made of different materials such as 
natural rubber latex (NRL), nitrile, neoprene, tactylon, etc. NRL gloves act as a high 
barrier when working with body fluids and provide protection against bloodborne 
viruses. It is preferred because it is durable and easy to wear and does not interfere 
with manual dexterity, however it has an allergic feature. Gloves, those were made 
of nitrile, neoprene are preferred for allergy sufferers [4]. Gloves should be changed 
for every patient and every different procedure. 

Gown prevents contamination of clothing and protects the skin from blood and 
body fluids. In choosing gown, the purpose of use, the nature of the material, and 
patient risks are at the forefront. Isolation gowns are generally preferred as PPE to 
protect clothes and prevent contamination in case of possible infections. In any 
case, attention should be paid to the use of clean gowns that will cover the whole 
body with long sleeves without squeezing. Gowns made using cotton fabric or 
thinned synthetic should be used. The gowns may be sterile or clean depending on 
the nature of the process to be performed [5]. 

Full body-protecting clothing is determined such as one-piece overalls with or 
without boot protection, with or without hoods, or two-piece suits that cover the 
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torso, arms and legs. In addition to being resistant to abrasion, bending, cracking, 
tearing, puncture, and ignition, coveralls should not be used in the manufacture of 
materials that may cause skin irritation or have any negative effect on health. 
Overalls should be as light and flexible as possible to ensure the comfort of 
the wearer. 

Protective goggles as a PPE are used to prevent chemicals, flying particles, 
microorganisms, and body fluids from splashing into the eyes. Goggles should 
cover the eyes completely from the top and sides. Protective goggles are generally 
reusable, if there is no special cleaning recommendation, they should be left to dry 
after disinfection with 70% ethyl alcohol. If a disposable glasses or face shield is to 
be reused, it is recommended by the CDC that it be allocated to a healthcare profes- 
sional [6]. 

A respirator mask (e.g., N95 or other respirators that offer a higher level of pro- 
tection) should be worn instead of a medical mask (e.g., surgical mask) during 
aerosol-generating procedures and surgical procedures that generate potentially 
infectious aerosols or involve anatomic regions where viral loads might be higher, 
such as the nose, throat, oropharynx, and respiratory tract. If the respirator has an 
exhalation valve or vent, a medical mask should be placed on top of it for source 
control. The novel coronavirus disease 2019 (COVID-19 or nCoV) and other respi- 
ratory infections can be transmitted to clinicians involved in their care, particularly 
during aerosol-generating procedures (e.g., endotracheal intubation and extubation). 

However, guidelines differ regarding the use of a medical mask or a respirator for 
other types of care [7-9]. As an example, the United States Centers for Disease 
Control and Prevention (CDC) recommends a respirator when caring for patients 
with suspected or confirmed COVID-19 but acknowledges that medical masks are 
an acceptable alternative when the supply of respirators is limited. By contrast, the 
World Health Organization states a medical mask is sufficient in the absence of 
aerosol-generating procedures, since droplet transmission is the main mode of 
transmission, and available data from patients with SARS-CoV-2 or other viral 
respiratory infections suggest that N95 respirators offer no clear benefit over medi- 
cal masks during routine care [10, 11]. 

For eye or face protection, goggles or a face shield that covers the front and sides 
of the face should be used in conjunction with a respirator or medical mask. 
However, if a powered air-purifying respirator (PAPR) is used, additional eye pro- 
tection is not needed. A full-face shield is preferred rather than goggles or a surgical 
mask with an attached eye shield. A full-face shield provides eye protection and a 
double layer of protection for the nose and mouth. It also prevents contamination of 
the respirator or mask. Full-face shields may be reused as long as they can be ade- 
quately cleaned with an approved disinfectant. 

Although data are limited, available evidence generally supports these PPE rec- 
ommendations [12-18] and infection rates among healthcare workers often appear 
to parallel those of the general population in the setting of appropriate PPE use 
[19-22]. 
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Proper Use of Personal Protective Equipment 


In a meta-analysis of observational studies, evaluating the risk of transmission of 
SARS-CoV-2, SARS-CoV, and Middle East respiratory syndrome coronavirus 
(MERS-CoV), use of medical masks or respirators (adjusted odds ratio [OR] 0.15), 
and eye protection (adjusted OR 0.22) were each associated with a reduced risk of 
infection [13]. In one study, there was no evidence of SARS-CoV-2 transmission 
(based upon nucleic acid and serologic testing) in a group of 420 healthcare work- 
ers who were provided with appropriate PPE, all of whom had direct contact with 
COVID-19 patients and performed at least one aerosol-generating procedure [14]. 
The same medical mask can be used for repeated close contact encounters with 
several different patients (assuming it is not visibly damaged or soiled). When this 
strategy is used, the provider should not touch or remove the mask between patient 
encounters, since the outside surface is presumably contaminated. If the provider 
does touch the mask, they must immediately perform hand hygiene. The CDC sug- 
gests that masks can be used for 8—12 h [23], whereas the WHO states medical 
masks can be used for up to 6 h when caring for a cohort of patients with COVID-19 
[24]. Extended use of N95 respirators has also been implemented in many hospital 
settings, although there is some concern that respirators may not provide sufficient 
protection with repeated use [24]. There are no data to suggest a medical mask 
worn over an N95 provides additional respiratory protection. Despite the lack of 
data, a medical mask or face shield over an N95 is frequently used and is recom- 
mended by the Infectious Diseases Society of America during aerosol-generating 
procedures to minimize contamination and allow extended use or reuse of N95s 
[25, 26]. 

Aerosol-generating treatments typically include nebulized medications, thus 
inhaled medications should be administered by metered-dose inhaler when feasible, 
rather than through a nebulizer, to avoid the risk of aerosolization of SARS-CoV-2 
through nebulization. If avoiding aerosol-generating procedures or use of a nebu- 
lizer is not possible, appropriate personal protective equipment for healthcare work- 
ers includes use of N95 or other respirators (e.g., a powered air-purifying respirator) 
that offer a higher level of protection [7, 26-28]. 

Aerosol-generating procedures should take place in an airborne infection isola- 
tion room (AIT) whenever possible. When an AII room is not available, a portable 
HEPA unit can be placed in the room, although it does not compensate for the 
absence of negative air flow. 

Invasive mechanical ventilation (intubation) may be the best option for patients 
with progressive respiratory failure. When considering the management of such 
patients with infectious diseases, clinicians should recognize that some types of 
respiratory support present a hazard of generating infectious aerosols. During aero- 
sol-generating procedures, patients should be placed in an airborne infection isola- 
tion room. Noninvasive mechanical ventilation or high-flow oxygen therapy often 
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Fig. 3 Standard personal protective equipment in intensive care unit. (a) Filtered face mask. (b) 
Goggles. (c) Gloves. (d) Protective gown/overall. (e) Full-face shield. (f) Surgical mask (https:// 
images.app.goo.gl/Z7t7qFhKvBpG3hE76) 


creates the potential for continuous aerosol generation. Despite the high risk of 
contamination during these procedures, the correct use of PPE can prevent infection 
transmission to healthcare workers. An adequate level of PPE should cover all 
clothing and skin and completely protect mucous membranes. When caring for 
patients with confirmed or suspected highly pathogenic agents, healthcare person- 
nel should follow infection prevention and control recommendations from the 
United States Centers for Disease Control and Prevention (CDC) and the World 
Health Organization (WHO). 

When caring for a patient with confirmed disease or a patient with suspected 
disease who has diarrhea, vomiting, or bleeding, PPE should include double gloves, 
boot covers, fluid-impermeable gown or coveralls, full-face shields, and N95 respi- 
rators (Fig. 3). Although standard, contact, and droplet precautions are used when 
caring for patients with disease, healthcare workers who are in the patient room 
should use respiratory precautions that provide sufficient protection in case of an 
unplanned aerosol-generating procedure [29]. 

Healthcare workers should perform frequent disinfection of gloved hands using 
an alcohol-based hand rub, particularly after touching body fluids. In addition, they 
should immediately disinfect any visibly contaminated PPE using approved disin- 
fectant wipes. 

In conclusion, for the continuation of health care in pandemics, health institu- 
tions have to provide the materials that should be used while providing diagnostic 
and therapeutic care. All of the healthcare workers should use protective clothing 
and equipment properly. 
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Introduction 


High-flow nasal oxygen (HFNO) has turn out to be game changer in management 
of acute hypoxemic respiratory failure. It reduces the need for endotracheal intuba- 
tion and thus prevents ventilator-associated complications. In addition, it is cost- 
effective, does not require expertise, and reduce load on intensive care units. Its 
utility during COVID19 pandemic has been established without any doubts. As 
compared to oxygen therapy, it could decrease the requirements for invasive 
mechanical ventilation in these patients [1-4]. 
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The use of HFNO is beneficial for both individual patients treated noninvasively 
and also those planned for invasive mechanical ventilation through the rational allo- 
cation of resources. When HFNO is compared with oxygen delivery by other 
devices like face mask or reservoir bags are considered, HFNO has resulted in a 
higher partial pressure of arterial oxygen (PaO,), lower respiratory rate (RR), more 
comfort, less mouth dryness, and less dyspnea. A known advantage of HFNO is that 
ventilation from the device meets or exceeds patient inspiratory flow demand and 
provides a constant Fjo7, Lastly, it also generates a positive end-expiratory pressure 
(PEEP) effect and increases in end-expiratory lung volume (EELV) and tidal vol- 
ume [2, 4]. 

Conversely, delaying intubation by choosing a noninvasive approach may be 
associated with worse outcomes in patients with the acute respiratory distress syn- 
drome (ARDS) [5, 6] Therefore, identifying those at higher risk of failure could be 
highly valuable for avoiding delays in choosing the best management approach. 
HENO should be considered in clinical conditions where supplemental oxygen 
delivery devices fail or are not expected to improve oxygenation and outcome. 
HFNC is reportedly superior to conventional oxygen therapy and can be as effective 
as NIV in patients with acute hypoxemic respiratory failure. 

It has been seen almost 36.7% patients with severe AHRF were successfully 
weaned from HFNC, which provided evidence to the recommendations of a trial of 
HFNC for COVID-19 patients with moderately severe hypoxemia to avoid the need 
for MV from recent WHO and other guidelines. 

There are various factors which govern failure of HFNO, which is defined as 
need for invasive mechanical ventilation or death while patient is on HFNO. These 
factors were studied in various studies before COVID19 pandemic and few during 
COVID 19 pandemic. 

We can divide these factors as factors before applying HFNO and after applying 
HFNO. These have been summarized in Table 1. 


Table 1 Predictors of failure of HFNO 


Before applying HFNO After applying HFNO 
Time of decision Initial 72 h 


Decision by resident ROX index 


Immunocompromised Respiratory rate not improving 


Septic shock 
Higher SOFA score (>5) 
Hypercapnia 


Acidosis 


Acute kidney injury 
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Thrombocytopenia 
In COVID 19 

(a) High IL6 

(b) High D dimer 
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Various Factors for Failure 
Before Applying HFNC 


1. Decision of using HFNO: HENO is sophisticated oxygen delivery device which 
gives heated humidified air and can give fixed fractional inspiration of oxygen by 
matching minute ventilation as it has high flow rates. Recently it has been used 
often as first choice due to ease of its use. It has been seen when decision to use 
HFNC is taken by residents is often failed and has low chances of success when 
compared to decision taken by pulmonologists. Mostly HFNO is successful 
when P/F ratio is more than 150-200 and patient is not in septic shock. Several 
possibilities: (1) that the time at which the decision was made by the resident 
was too late to achieve much effectiveness; (2) that the subject’s condition was 
too severe to be managed with HFNO; or (3) that a pulmonologist was not avail- 
able at the time of decision to apply HFNO [7]. 

2. Obesity: Obesity (defined by a body mass index (BMI) > 30 kg/m’) affects many 
respiratory functions, including, among others, a reduction in functional residual 
capacity, an increase in airway resistance, and a high level of ventilation- 
perfusion mismatch [8]. It has been seen high BMI or obesity is an independent 
risk factor for failure of HFNO in patients of acute hypoxemic respiratory fail- 
ure. In a study, patients of bariatric surgery HFNO were found inferior to NIV 
for oxygenation. 

To achieve effective oxygenation requires (1) airway patency and (2) a pre- 
served FRC. For the first point, the limited supra-glottic positive pressure gener- 
ated by HFNO was found wanting in obese as these patients have more fat 
around neck tissue. For the later point, this low level of positive pressure which 
is around 6—7 cm of H,O generated by HFNO, was unable to maintain or restore 
the impairment of FRC in obese patients [8, 9] Nevertheless, given its better 
tolerance and the high median SpO, during intubation, HFNO can be used as 
acceptable alternative in obese patients when NIV is not available or contraindi- 
cated. We need to be cautious and carefully monitor when obese patients are 
started on HFNO. 

3. Immunosuppression: When treating an immunocompromised patient with acute 
hypoxemic respiratory failure, aims are to correct hypoxemia and avoid intuba- 
tion. In these conditions, HFNO is a viable option as it is well-tolerated and 
noninvasive [10]. HIGH-RCT trial when use of HFNO is compared with conven- 
tional oxygen therapy, HFNO reduced the risk of intubation in immunocompro- 
mised subjects in the ICU with acute hypoxemic respiratory failure [11]. In the 
meta-analysis by Cortegiani et al., HFNC reduced the risk of intubation in 
immunocompromised subjects in the ICU with acute hypoxemic respiratory fail- 
ure when compared with COT, but HFNC did not reduce the risk of ICU mortal- 
ity or 28-day mortality [12]. Meta-analysis by Kang et al. established superiority 
of HFNC over O, therapy to reduce intubation rate but they did not find any 
significant differences between HFNC and NIV. 
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Septic shock and higher SOFA score: Higher SOFA scores are often linked to 
HEFNO failure. It was Mellado-Artigas’ et al., showed HFNO might decrease 
ventilator days, ICU length of days, and all-cause-hospital mortality but their 
cohort had lower SOFA scores, BMIs, and utilized higher flows. Nonrespiratory 
SOFA score was found to be higher in patients who later required intubation and 
this was mostly related to hemodynamic impairment [13]. A systematic review 
done found that HENC may reduce the need for IMV but there was no difference 
in mortality or length of stay and the studies included did not pertain exclusively 
to COVID-19. Recently COVID-19 patients with higher SOFA scores, lactic 
acid levels, and at least one comorbidity or immunosuppression do not benefit 
from HFNC [14]. 


5. Acidosis and Hypercapnia: HENO has been tried successfully in mild to moder- 


ate hypercapnic COPD patients with success. But there is chance of failure of 
HENO in hypercapnia and NIV remains the first choice in mild to moderate 
hypercapnia [12]. In addition, theoretically HFNO appears to better choice in 
patients of bronchiectasis as it is easy to expectorate while on HFNO. But data 
are limited. So, if patients of hypercapnia have underlying bronchiectasis, HFNO 
should be used cautiously. Any kind of ventilation either noninvasive ventilation 
or HENO should be used cautiously and under strict monitoring [15, 16]. 


. Careful selection for COVID19 patients: Higher D dimer and IL6 levels. 


HFNC failure in COVID19 is seen in geriatric patients, i.e., aged >60 years, 
higher percentage of fatigue and anorexia as well as cardiovascular disease; 
increased time from onset to diagnosis and SOFA scores; elevated body tem- 
perature, respiratory rate, and heart rate; more complications such as ARDS, 
septic shock, myocardial damage, and acute kidney injury; increased neutrophil 
counts and prothrombin time; and decreased PaO,/FiO,. In addition, increased 
inflammatory markers, like IL6, have been associated with failure [11, 17-21]. 


After Applying HFNC 


ite 


2. 


Initial 72 h: Most of the failure occurs in first 72 h thus highlighting the impor- 
tance of close monitoring in sepsis patients who are connected to a HFNC device. 
The ROX index: The ROX index is defined by Roca et al. as the ratio of SpO, 
(oxygen saturation as measured by pulse oximetry)/FiO, (fraction of inspired 
oxygen) to the respiratory rate [22]. SpO,/FiO, has been shown to have a positive 
association with the success of HNFC, while RR has an inverse association. 
Roca et al. in 2016 concluded that the ROX index, which combined both param- 
eters, could successfully be used to identify patients who were at low risk of 
HFNC failure and could therefore continue to receive HFNC after 12 h. 
Subsequent results published in 2019 showed that while SpO,/FiO, was almost 
as good as the ROX index, adding RR further improved the diagnostic accuracy. 
In this 2-year multicenter prospective observational cohort study including 191 
patients with pneumonia-related ARF treated with HFNC, the prediction accu- 
racy of the index was also shown to increase over time, from 2 h to 6 h and then 
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12 h. ROX index values measured at 12 hours after the start of HFNC demon- 
strated the best prediction accuracy. At all-time points, patients with ROX > 4.88 
were less likely to be intubated [16, 19, 23, 24]. ROX index >4.88 measured 
within 2—12 h of HFNC therapy was associated with increased likelihood of 
HFNC success in nonvirus pneumonia while COVID-19 patients who had an 
ROX index >5.31 within the first 4 h of HFNC therapy were less likely to need 
MV [25]. 

3. There are few other variables which have been included with ROX index like 
Heart rate and were found to correlate with success of HFNO [26]. One of such 
indicators is CROW 65 which represents Charlson Comorbidity index (CCD as 
one of the component. It predicts ten-year survival in patients with multiple 
comorbidities, for the assessment of comorbidity burden. The main variables of 
the CCI are age and the following diseases, based on which points are awarded: 
myocardial infarction, heart failure, peripheral vascular disease, cerebrovascu- 
lar insult, dementia, COPD, connective tissue disease, peptic ulcer disease, dia- 
betes mellitus, hemiplegia, chronic kidney disease, solid tumor, leukemia, 
lymphoma, and AIDS. While RO represents ROX index and W is for WBC to 
LDH ratio and age above 65. CCI, ROX index, LDH-to-WBC ratio, and 
age > 65 years resulted in the best prediction of in-hospital mortality. The main 
purpose of CROW-65 is to facilitate clinical decision-making and it could help 
to determine whether HFNO should be initiated in high-risk patients prone to 
adverse outcomes [27]. 


Infection Concerns During HFNO 


WHO recommends that HFNO should be used with airborne precautions because of 
uncertainty around its potential for being an aerosol-generating medical procedure 
(AGMP), which differs from the SCCM guidelines that do not list HFNC as an 
AGMP [28, 29]. 

Aerosolization occurs when tiny respiratory droplets (<10 ym) evaporate and 
form small residual droplet nuclei that contain infectious particles and remain sus- 
pended in air for longer durations of time than larger droplets which gravitate to the 
ground. Hui et al. have published simulation studies measuring exhaled air disper- 
sion from HFNC and nasal prongs using high-fidelity patient simulations. Dispersion 
was studied for HFNC and nasal prongs using simulator where smoke was delivered 
to the right main bronchus and exhaled smoke dispersion was monitored using laser 
illumination and motion video. These studies were performed in a negative pressure 
room with titrated doses of oxygen or flow and with modifiable simulator oxygen 
consumption, lung compliance, respiratory rate, and tidal volume. The maximal 
dispersion for HFNC at a flow of 60 lpm was 17.2 cm compared to 100 cm with 
oxygen by nasal prongs at 6 lpm suggesting that nasal prongs may have more risk 
of aerosolization than HFNC. This difference was hypothesized to be due to air 
humidification in HFNC therapy generating larger droplets with a shorter trajectory 
[30, 31]. 
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HFNC directly reduces the risk of healthcare worker transmission of SARS 
through reduced aerosolization or that HFNC reduces the risk of healthcare worker 
transmission by preventing intubation. However, we highlight that there is minimal 
available evidence regarding healthcare worker transmission of SARS-CoV2 and 
the actual risk associated with using HFNC remains unknown. 

However, the risk of healthcare worker infection from HFNC was reported to be 
substantially less (8%) compared to intubation (35%) and NIPPV (38%). Moreover, 
placement surgical masks over a HFNC reduce the emission and dispersion of coro- 
navirus bioaerosols. 


Conclusion 


High-flow nasal cannula (HFNC) is a noninvasive method of delivering a high flow 
of oxygenated, heated, and humidified air for ventilation. It has been used effec- 
tively to manage critically ill patients with acute respiratory failure. We have to be 
very careful while choosing HFNO, its observed patients with comorbidities, immu- 
nosuppressed, higher SOFA scores, septic shock. 
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Introduction 


Usefulness of noninvasive ventilation (NIV) has clearly been established in the 
context of conditions like cardiogenic pulmonary oedema and chronic obstruc- 
tive pulmonary disease (COPD) exacerbation. However, its role within hypoxae- 
mic acute respiratory failure (ARF) and acute respiratory distress syndrome is 
still not validated. Despite insufficient evidence supporting its use, during 
COVID-19 pandemic and other respiratory epidemics or pandemics like influ- 
enza, severe acute respiratory syndrome (SARS), middle east respiratory syn- 
drome (MERS), a significant proportion of patients admitted for ARF were 
treated with noninvasive ventilation (NIV) [1-3]. NIV may be a useful approach 
to reduce pain and complications particularly in context of limited intensive care 
resources [4—6]. However, prompt identification of patients failing to respond to 
NIV is necessary to avoid complications. Noninvasive ventilation should not be 
considered an alternative to endotracheal intubation (ETI) and invasive mechani- 
cal ventilation (IMV) for patients with ARF. Despite of growing experience with 
NIV, failure rates are still high especially in the context of high-risk pulmonary 
infections [1]. Failure rates still vary greatly between 5% and 60% in the setting 
of acute respiratory failure (ARF) depending on the causes of ARF and comor- 
bidities [7-10]. Clinical literature also suggests that, use of NIV may even delay 
in intubation and invasive mechanical ventilation (IMV) in non-expert hands 
[11-12]. There is also a risk of further worsening of the lung injury in case of 
inappropriate settings of NIV [12, 13]. Unsuccessful NIV has also been found to 
be independently associated with increased mortality in subjects with ARF 
[7, 14-19]. 

Therefore, it is crucial to identify the factors being able to predict patients who 
cannot benefit from NIV as early as possible, so that patients could be timely endo- 
tracheally intubated and ventilated with IMV in cases it will be necessary [20]. 


Failure Criteria 


NIV failure is often defined as the need for invasive mechanical ventilation 
with endotracheal intubation or death [15, 20, 21]. Primary failure of NIV reflects 
failure of uptake of the technique and control of respiratory failure; secondary fail- 
ure is seen when respiratory failure progresses despite optimal NIV use. 

Failure of NIV is requirement of intubation after NIV intervention based on the 
following criteria [22]: 


¢ Respiratory or cardiac arrest 

¢ Failure to maintain a PaO,/FiO, of >100 mmHg 

e Development of conditions necessitating intubation to protect the airway (coma 
or seizure disorders) or to manage copious tracheal secretions 

¢ Inability to correct dyspnoea or lack of improvement of signs of respiratory mus- 
cle fatigue 

¢ Haemodynamic instability without response to fluids and vasoactive agents 
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Key Determinants of NIV Failure 


Determinants of NIV failure can be broadly classified as patient-related and non- 
patient-related risk factors. 


Patient-Related Risk Factors 


The most important determinant in determining success of NIV is careful patient 
selection and 

the best way to do this is to look for predictors of failure immediately [15]. 
Various predictors have been identified depending on the aetiology, patient sub- 
group and treatment setting. 

In one of the retrospective study, ideal body weights (IBW), fastest heart rate, 
slowest respiratory rate and highest body temperature during NIV treatment period 
were found to be independent risk factors for NIV failure in critically ill patients 
with ARF in adult intensive care unit setting. Patients with ARF resulting from all 
kinds of diseases such as pneumonia, ARDS, COPD, asthma and cardiogenic pul- 
monary oedema were included in this study [23]. 

Ezgi Ozyilmaz et al. studied the causes, risk factors and suggested remedies 
based on the timing of NIV failure. They defined the risk factors based on the timing 
of NIV failure as immediate, early and late NIV failure [16]. 

The possible causes of 

Immediate failure (within minutes to <1 h after initiation of NIV): 


e Weak cough reflex 

e Excessive secretions 

e Hypercapnic encephalopathy 

e Intolerance, agitation and patient-ventilator asynchrony 


Early NIV failure (<48 h): 


e Higher baseline severity scores (SAPS 11, APCHE 11) 
e Increased severity of disease and presence of multi-organ dysfunction 


Late failure (>48 h): 
e Sleep disturbance 


¢ Functional disturbance 
¢ Hyperglycaemia 


In Covid-19 Patients 


Results from ‘Noninvasive ventilation for SARS-CoV-2 acute respiratory failure: a 
subanalysis from the HOPE COVID-19 registry’ has concluded that, five factors had 
a significant independent association with the primary composite endpoint (the 
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composite of in-hospital death or need for orotracheal intubation): age, hypertension, 
room air O, saturation below 92% at presentation, lymphocytopenia (i.e. lymphocyte 
count below 1500/mm‘*) and the use of antibiotic therapy during admission [1]. 


In Influenza Patients 


Several researchers [24—28] have tried to assess the best predictors of NIV failure in 
subjects with ARF due to influenza infection. However, these studies have employed 
standard analysis to detect the risk variables. Rodriguez et al. used CHAID analysis, 
to show that the most decisive variable was the SOFA score, followed by COPD and 
infiltrates at chest x-ray [29]. 


Other Risk Factors 


Non-patient-related factors like Timing of NIV application, Location of NIV ther- 
apy, expertise of the staff, choice of NIV device, Choice of interface and monitoring 
requirements can play a significant role in determining success/failure of NIV 
approach and have been found to be independently associated with NIV failure [16]. 


Timing of NIV 


A longer delay between admission and NIV use was found to be an independent risk 
factor for NIV failure in patients with haematological malignancy and hypoxaemic 
ARF, probably due to the progression of the underlying disease [30]. Therefore, the tim- 
ing of the application of NIV is a critical factor and whenever suitable early use of NIV 
is recommended. It is also important to identify the patients not responding to NIV 
therapy and not to unduly delay the decision to intubate, because it could lead to the risk 
of unanticipated respiratory or cardiac arrest and thus increased morbidity and mortality. 


Location of NIV 


Another important determinant in the success of NIV is the location of NIV therapy. 
NIV is used frequently outside the intensive care unit (ICU) like in the emergency 
department and sometimes also in general wards with less extensive monitoring 
facilities. Decision about where to perform NIV should be based on matching the 
capabilities of the units and teams with the patient’s clinical severity and the need 
for monitoring [31]. 


Training of Staff 


Training of staff is another key determinant in the success of NIV approach. The 
importance of staff training cannot be overemphasised, as inappropriate use of NIV 
device can not only be detrimental to the patient but can also lead to risk of infection 
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spread amongst staff members and other patients. The training in NIV implementation 
can be an important factor in reducing nosocomial infections and improving survival 
in critically ill patients with COPD and pulmonary oedema [32]. There is also evi- 
dence that improvements in skill with time may explain the decreased time spent by 
nurses at the bedside of patients today compared to data reported 20 years ago [33]. 


Choice of Ventilator 


Choosing correct equipment can be another critical determinant in the success of 
NIV therapy. One study suggested that inadequate equipment can lead to poor toler- 
ance and excessive air leaks [34]. Another study showed that dedicated NIV plat- 
forms perform better than ICU ventilators using the NIV algorithm and there is 
better synchrony between the machine and the patient with dedicated NIV plat- 
forms [35]. 


Choice of Interface 


Common Problems related to interface are air leaks, skin lesions and discomfort 
[36, 37]. Appropriate selection of interface is a crucial factor to improve tolerance 
of the patient to NIV and avoid complications such as eye/nasal dryness due to air 
leaks, pressure ulcers and skin problems. 

Interface selection is mainly influenced by the patient’s individual characteristics 
(i.e. facial anatomy, breathing pattern and individual level of comfort) and clinical 
effectiveness, but the experience of the staff, equipment availability and economic 
aspects are also relevant [38]. 


Monitoring Requirements 


The risk of NIV failure determines the intensity of monitoring needed [15]. A 
closely monitored setting such as an ICU, high dependency unit (HDU) or a respira- 
tory unit is more appropriate for a patient with multiple risk factors for NIV failure. 
Simple bedside observations and rapidly obtained laboratory values such as pH is 
the best choice when a quick decision is required [16]. 


Sedation 


The use of sedative medication to improve tolerance of the NIV is debatable. Due to 
risks of interfering with the ability to protect the airway or depressing respiratory 
drive, there is a reluctance to use sedation in North America and Europe [39]. The 
approach of appropriate patient selection and carefully titrated sedation in the set- 
tings with close monitoring facilities like ICU can sometimes be helpful to improve 
tolerance and prevent NIV failure. 
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Early Predictors of NIV Failure: HACOR Score 


Previous studies have reported that patients who experience NIV failure have 
a higher heart rate, lower pH, lower Glasgow Coma Scale (GCS) score, lower 
oxygenation and higher respiratory rate than those who experience successful 
NIV [9, 18, 20, 30, 40]. These variables can be used to predict NIV failure. 
However, the predictive power of NIV failure is low when it is based on a single 
variable. 

HACOR score can be used for prediction of NIV failure in patients with hypox- 
aemic respiratory failure. This scale takes into account heart rate, acidosis, con- 
sciousness, oxygenation and respiratory rate, variables which are easily obtained 
by simple bedside measurements. Thus, the HACOR scale is a rapid and conve- 
nient tool to assess and predict NIV failure. Duan et al. also showed that a HACOR 
score of 5 as cut-off value has good diagnostic accuracy for NIV failure even 
when the scale was assessed in different subgroups classified by diagnosis, age, or 
disease severity, or at different time points. They also recommend a cut-off point 
of 5 at time of starting therapy to predict failure and need for intubation [22] 
(Table 1). 


Table 1 HACOR score Variable Value Score 
HR sO[<i20~—~—t«‘éXZ<*l‘é altét*” 
>121 
PH >7.35 
7.30-7.34 
7.25-7.29 
<7.25 
GCS 15 
13-14 
11-12 
<10 
PaO/FiO, | >201 
176-200 
151-175 
126-150 
101-125 
<100 
RR <30 
31-35 
36-40 
41-45 
>46 
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Summary 


NIV can be useful in the management of acute respiratory failure in pulmonary 
infections, especially in pandemics where resources are already scarce. There is 
also evidence that NIV can be used to avert and treat respiratory failure and, there- 
fore, decrease the rate of ETI in selected groups of contagious patients [3, 41-43]. 
However, it is important to recognise key determinants of failed NIV approach. 
There are numerous factors which can lead to failure of NIV therapy. It is important 
to recognise determinants depending upon the patient characteristics in order to 
identify the effectiveness of the therapy. The factors differ between hypercapnic and 
hypoxaemic patients and according to the timing of the failure [16]. Appropriate 
level of monitoring and care setting should be chosen based on the risk factors. It is 
crucial to closely monitor and identify the response to the NIV therapy. In case of 
failure of the therapy, prompt ETI should be performed without a delay because 
there is an increased risk of morbidity and mortality in case of delayed recognition 
of NIV failure. Physicians should be aware of these factors to achieve a good 
response and to improve the prognosis. It is also important to understand that a sat- 
isfactory initial NIV response does not necessarily mean a successful NIV because 
late NIV failure is not uncommon. Late NIV failure may occur in up to 15% of 
patients in whom the initial NIV attempt was satisfactory [16]. 
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Introduction 


Airway management of patients having high-risk infections with potential of drop- 
let or airborne spread is always challenging for anaesthesiologists and intensivists. 
Measles, Mumps, Rubella, Tuberculosis, Varicella, Pertussis, Influenza, Meningitis 
and Pneumonia are some of the infections that put the healthcare providers at risk 
while managing patients suffering from these infections. Emergence of various 
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respiratory epidemics or pandemics like influenza, severe acute respiratory syn- 
drome (SARS), middle east respiratory syndrome (MERS), corona virus disease 
2019 (COVID-19), etc. have tested the mankind time to time. Unlike other epidem- 
ics which does not jeopardise the health of the healthcare provider, these respiratory 
diseases put a special threat to their lives as it involves direct encroachment of 
pathogens through aerosol (suspension of tiny particles or droplets in the air such as 
dusts, mists, or fumes). Previously in 2003 SARS-CoV outbreak and recently in 
COVID 19 outbreak, it has been shown that all aerosol-generating procedures pose 
the healthcare workers at risk of contracting the disease while managing patients 
with high-risk infections. Intubation causes 6.6-fold increased risk of infection 
among healthcare workers (HCWs) [1] which further increases in developing coun- 
tries due to unavailability of resources. Preserving healthcare workers from con- 
tracting the disease is of prime importance as losing the efficient manpower due to 
disease may literally collapse the whole healthcare infrastructure. Various proce- 
dures including endotracheal intubation, nebulisation, suctioning, bronchoscopy, 
extubation, etc. all are associated with high aerosol generation [2—4]. Proper precau- 
tions are prerequisites for handling such patients. The precautions need to be at the 
patient’s end, healthcare provider’s end as well as environmental modifications. 
Indications of intubation can be varied like cardiopulmonary arrest, or lost airway 
patency, severe respiratory failure, trauma, CNS infections, etc. But in case of high- 
risk infections, it is always advisable to intubate in elective or semi-elective manner 
rather than rushing in hurry and breaching the infection control measures, especially 
in cases of failed oxygen therapy or noninvasive ventilation trial. To prevent propa- 
gation of infection, several modifications are needed at quality control as well as at 
the level of quality improvement. 

There are several modifications that have been done to prevent healthcare 
workers of getting infected. Some of which are discussed here. 


Modifications at the Patient’s End 


Pre-Oxygenation A minimum of 5 min pre-oxygenation with 100% oxygen can 
help in denitrogenation as well as gives time for intubation in respiratory- 
compromised patients. Positive pressure ventilations should be avoided if possible. 
In case of desaturation, positive pressure ventilation can be provided with tight fit- 
ting face mask with two-handed grip so as to minimise aerosol production. A bacte- 
rial and viral filter should be used between the face mask and ventilation device to 
reduce aerosolisation risk. 


Induction Induction plays an important role in reducing aerosol generation in such 
patients. Coughing or gagging during intubation in awake or partially sedated 
patients can cause greater risk of aerosol generation which can be minimised by 
complete paralysis. Although rapid sequence induction has limited role but it can be 
beneficial minimising aerosol generation [5]. Awake intubation should always be 
avoided in all high-risk infections [6]. 
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Modifications at Airway Operator’s End 


Airway Manager To maximise the first pass success rate of intubation, intubation 
should be performed with best experienced team within minimum possible duration 
in single possible attempt which significantly minimises the time to stay at patient’s 
end while performing the procedure. Lesser time standing near patient’s end mini- 
mises the aerosol exposure to the HCWs [7]. However, simultaneous training pro- 
gramme of young residents on simulation models or other non-infective patients 
should go hand in hand to always keep a backup team ready in case of significant 
surges in the number of cases or in case the members of the experienced team 
fall sick. 


Personal Protective Equipment (PPE) These are for aerosol and droplet preven- 
tion and includes mask, gown, gloves, shoe covers and face shield. Proper place- 
ment of PPE is of utmost importance while performing such procedures and handing 
airway which includes donning as well as doffing with all aseptic precautions. 
Powered air-purifying respirators (PAPR) protect much better than mask from the 
droplet and aerosols, but their constant supply in face of pandemic often is a limit- 
ing factor. Also, frequent fogging limits vision while doing procedures, PAPR leads 
to difficulty in hearing and donning of PPE often compromises effective communi- 
cation among team members. 


Confirmation of Tube Position Visible chest rise on positive pressure ventilation 
with appearance of end-tidal capnography should be considered as the first choice 
for confirmation of endotracheal tube placement. Chest auscultation should be 
avoided as much as possible and should be considered in. 


Environmental Modifications 


1. Negative pressure isolation rooms—All aerosol-generating procedures should 
ideally be performed in negative pressure (<—5 Pa) isolation rooms having at 
least 12 air exchanges per hour [8-11]. Air conditioning should ideally be 
switched off. There should be decrease occupancy in the vicinity of aerosol- 
generating procedure room. Laminar flow should be maintained in isola- 
tion room. 

2. Intubation box/ Aerosol containment box—These are transparent acrylic 
boxes with holes on sides for assistance and doing airway procedures. These 
holes have limited circumference making it difficult by operators to perform 
airway manoeuvres. These aerosol containment devices do not offer good pro- 
tection unless coupled with negative pressure device. Also, these vacuum devices 
should be active for at least 30 min post-intubation for proper disposal of drop- 
lets and aerosols. Simulation studies have shown that one size does not fit all and 
these boxes often make tracheal intubation difficult subsequently leading to 
spending more time near patient and greater exposure to highly infectious aero- 
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sols [12-14]. Poorly designed barrier devices without negative pressure or vac- 
uum application may potentially direct the aerosols towards the operator [15]. 
Protective ventilation practices and interventions can reduce the airborne con- 
centration, which reduces the overall viral dose to occupants. 

3. Plastic tent/drapes/plastic hoods—These have been suggested for low cost, 
easy availability, disposable acts as barrier between operator and patient thereby 
preventing aerosol transmission [16, 17]. However, there are contradictory ideas 
as decrease in aerosol production has not been scientifically proved. In agitated 
and claustrophobic patients, it is difficult to be used. Also, theoretically it 
increases the risk of fomite borne spread of infection [5]. 

4. Negative airflow tents—These tents consist of clear plastic sheet having mul- 
tiple foldable frames allowing easy accessibility to patients. These are foldable 
and easily portable. Air within the tent is drawn through a high efficacy air filter 
through negative pressure. Air within the tents is exchanged over 600 times/h 50 
times the 12 air cycles/h. These tents have shown to effectively clear the droplets 
and aerosols generated during procedures [18]. 

5. Biomedical waste disposal—The biomedical waste generated during the intu- 
bation should be disposed securely in a bag with label of high-risk infection. 
The bag surface should be sprayed with disinfectant and should be dis- 
posed [19]. 

6. Filters and closed suction should be used to prevent aerosol spread. 


Instruments 


Video Laryngoscopes Use of video laryngoscopes allows the operator to stay at 
greater distance compared to conventional direct laryngoscopy. It has been shown 
that airway operator is significantly less contaminated while using video laryngo- 
scope compared to direct laryngoscopes [20]. 


Video-Assisted Intubating Stylet Several studies compared these intubating sty- 
lets to video laryngoscopes and conventional direct laryngoscopes and found them 
to be easier to use with higher first pass success rate. They also allow the airway 
operator to stay at greater distance from the patient as compared to direct laryngos- 
copy [21-23]. 


Crisis Management 


Difficult Intubation High-risk infections often lead to airway oedema and hyper- 
reactivity which poses patient at risk of difficult intubation. Though the actual cases 
registered as difficult airway is <2% but about 93% of them are unanticipated and 
hence a lack of fool-proof advanced airway planning may lead to catastrophic 
results [24]; so, any failure of airway plan should be recognised early, call for expert 
help should be sought with subsequent planning and implementation of alternate 
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airway plan. In case of failure of normal tracheal intubation, placement of supra- 
glottic airway device is preferred over bag and mask ventilation as latter is associ- 
ated with greater aerosol production and compulsion of HCWs to stay in patient’s 
vicinity, in order to oxygenate and ventilate. In case of ‘cannot intubate, cannot 
ventilate’ scenario ‘front of neck access (FONA) ‘should be performed [25]. 


Cardiopulmonary Arrest Unwitnessed cardiopulmonary arrest requiring emer- 
gency intubation should always be avoided in high-risk infections unit as it leads to 
greater chances of HCWs infection. Patients requiring high oxygen concentration 
for saturation (SpO, > 92%) should ideally be intubated in elective manner [26]. 
Use of bag and mask in cases of unprotected airway in patients of cardiorespiratory 
arrest leads to high aerosol generation which is hazardous for CPR team providing 
compressions despite wearing PPE. 


Conclusion 


Hence, it is imperative that while handling airway management in high-risk infec- 
tions, a variety of quality control methods have to be implemented and a regular 
review and auditing based on feedback is quintessential to facilitate continuous 
improvement. 
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Introduction 


High-risk infections like Corona Virus disease 2019 (COVID-19), Tuberculosis, 
Varicella, Pertussis, Influenza, Meningitis, Pneumonia, etc. are highly contagious. 
Emergence of various respiratory epidemics or pandemics like influenza, severe 
acute respiratory syndrome (SARS), middle east respiratory syndrome (MERS), 
corona virus disease 2019 (COVID-19), etc. have tested the resources of mankind 
from time to time. Unlike other epidemics which do not jeopardize the health of the 
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healthcare provider, these respiratory diseases entail a special threat to their lives as 
they involve direct encroachment of pathogens through aerosol (suspension of tiny 
particles or droplets in the air such as dusts, mists, or fumes). Previously in 2003 
SARS-CoV outbreak, and recently in COVID 19 outbreak, it has been shown that 
all aerosol-generating procedures precariously put the healthcare workers at risk of 
contracting the disease while managing patients with high-risk infections. Intubation 
causes 6.6-fold increased risk of infection among healthcare workers (HCWs) 
which further increases in developing countries due to paucity of resources [1]. 
Oxygen can be supplemented by various oxygen delivery devices like simple mask, 
nonrebreathing reservoir bag, high-flow nasal oxygen (HFNO) or may require non- 
invasive ventilation (NIV) or invasive mechanical ventilation (IMV) depending of 
severity of respiratory disease. The initial experiences on COVID-19-related acute 
hypoxemic respiratory failure (AHRF) from China or the United States showed 
higher mortality with invasive mechanical ventilation (IMV) [2, 3]. There was also 
prolonged stay on ventilator (ranging from 10 to 17 days) and longer time to wean 
(causing shortage of ventilators during surge of patients) [2, 3]. If IMV is associated 
with higher mortality, whether we can avoid intubation by using noninvasive venti- 
lation (NIV) is an ubiquitous debate. Conventionally, NIV is not recommended for 
moderate-to-severe acute respiratory distress syndrome (ARDS) [4]. The task force 
of ERS/ATS led by Rochberg et al. (2016) published clinical practice guidelines for 
noninvasive ventilation in the setting of acute respiratory failure citing strong rec- 
ommendations for hypercapnia with COPD exacerbation and cardiogenic pulmo- 
nary and conditional recommendations for weaning in hypercapnic patients, 
postoperative care, and trauma patients [5]. 

Interestingly, there were no recommendations on viral pandemic illness, as the 
storm of COVID 19 had not swept the global health scenario till that time. The pre- 
liminary report of use of NIV in COVID-19 is conflicting with high failure rate in 
moderate-to-severe ARDS [6-8]. However, major regulatory bodies allow the use of 
NIV with limited evidence [9, 10]. The use of NIV may improve oxygenation in 
AHREF and temporarily reduce work of breathing but has no effect on natural dis- 
ease progression, and may even delay in intubation and IMV in nonexpert hands 
[11, 12]. There is also a risk of further worsening of the lung injury, especially with 
higher tidal volumes generated spontaneously in case of inappropriate settings of 
NIV [12, 13]. In the LUNG-SAFE study, NIV use was associated with higher ICU 
mortality in patients with moderate-to-severe ARDS (PaO,/FiO, < 150 mm Hg) 
[14]. It is contraindicated in many patient-related and disease severity-related con- 
ditions. However, the unambiguous consensus is that NIV application should not 
delay endotracheal intubation when it is definitely indicated. 


Monitoring on NIV 
A patient on NIV requires vigilant monitoring and clinical expertise. All this must 


be documented every 15 min for the first hour in the clinical notes. The patient will 
show improvement in parameters if NIV is effective (Tables 1 and 2). 
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Table 1 Monitoring of NIV 
in AHRF [15] 


Table 2 Corrective actions 
for NIV complications 


Clinical parameters 


Monitored every 30 min for the first 6-12 h and then hourly 
after the initiation of support 


¢ Tolerance of the interface 


¢ Patient comfort 


¢ Respiratory rate 


¢ Dyspnea 


¢ Oxygen saturation 


Monitoring of gas exchange 


¢ Pulse oximetry 


¢ End-tidal CO, 


¢ ABG analysis 


Monitoring of ventilator parameters 


¢ Leak 


¢ Inspiratory and expiratory tidal volume 


¢ Minute ventilation 


¢ Inspiratory time 


¢ Respiratory rate 


¢ Inspiration (I)/expiration (E) ratio 


¢ Intrinsic or auto PEEP 


¢ Patient — ventilator asynchrony 


Following corrective actions need to be taken to reduce NIV 
complications: 


¢ Check mask for correct size and fit 


e Minimize headgear tension 
¢ Use spacers or change to a different mask 


e Use wound care dressing over nasal bridge 


¢ Add or increase humidification 


¢ Irrigate nasal passage with saline 
¢ Apply topical decongestants 


¢ Use lowest effective pressure for adequate tidal volume 


¢ Use simethicone agents 


¢ Make sure patients are able to protect the airway 
¢ Avoid excessive O2 flow rates (>20 L/min) 


¢ Allow short breaks from NIV to permit directed coughing 
techniques 


¢ Avoid excessively high peak pressure (>20 cm H,O) 


Monitor carefully for worsening respiratory distress, altered sensorium, tachy- 
pnea, and deteriorating blood gases, and intervene early because delay in intubation 
is acommon major complication of NIV. Most complications are minor that can be 
managed easily, and so tenacious attempts should be made to continue NIV. 
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Discontinuation of NIV 


It is very important to know when to discontinue NIV. 


NIV failure [16] 

— Refractory hypoxemia 

— Deterioration of pH and PaCO, after 1—3 h of therapy 
— Worsening mental status 

Intolerance to NIV 

Hemodynamic instability 

Inability to clear secretions 


Airway Management of NIV Failure 


Patients with NIV failure pose challenge in the management for establishing defini- 
tive airway due to worsening physiologic condition and higher risk of spread of 
infection to others by aerosolization. 


Following are concerns with their solutions during airway management of NIV 


failure in high-risk infection. 


I. 


Cardiovascular and respiratory parameters at the end of NIV: Patients who were 
managed on NIV for prolonged duration, at its failure tend to be exhausted of 
their adrenergic reserves. Judicious dosing of induction agents is important as 
usual dosing could lead to severe hemodynamic instability and cardiac arrest. 
Anticipation of deranged respiratory and cardiovascular physiology, readiness 
with drugs, and equipment to tackle the same are imperative [17]. 


. Infection risk to healthcare personnel: It has been universally observed that dys- 


pneic, coughing, and patients with increased work of breathing produce maxi- 
mum aerosols. It is mandatory for healthcare workers to take all precautionary 
measures like wearing personal protective equipment, ensuring less duration of 
proximity to aerosol source, use of closed suction device, etc. [1]. 


. Contamination of environment: Contamination of ICU environment with highly 


infective and multidrug-resistant organisms is a prime concern during intubation 
of high-risk infection patients as regular disinfection of ICU environment is nec- 
essary to prevent hospital-acquired infections [18]. 


. Anatomical airway assessment difficulties [19] 


(a) Difficult mask ventilation (DMV): Difficult obesity, age older than 55 years, 
history of snoring, lack of teeth, the presence of a beard, Mallampati Class 
If or IV, and abnormal mandibular protrusion test are all independent pre- 
dictors of DMV. 

(b) Difficult supraglottic device placement: Mallampati II - [V with phonation 
or without; interincisor distance <3 cm; reduced neck mobility; no adminis- 
tration of neuromuscular blocking agents (NMBAs) is advisable. 
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(c) Difficult intubation: Difficult intubations are common in the intensive care 
unit (ICU), with the incidence ranging being between 8% and 13%. 
Compromised cardiorespiratory physiology, risk of aspiration, urgency of 
need of intubation, and the presence of specific factors related to the envi- 
ronment like space constrain and inadequately trained operators make tra- 
cheal intubation in the ICU more complicated than operating room. 

(d) Difficult surgical airway: Apart from anatomical difficulty in creating front 
of neck access as a rescue measure in cannot intubate situation, ICU patients 
have added difficulty due to limited physiologic reserve abbreviating the 
time available to create the same, bleeding tendency to preexisting clinical 
condition or due to the drugs they are receiving. 

(e) Added airway difficulties due to prolonged NIV: Patients who were managed 
on NIV for prolonged duration suffer airway mucosal damage due to airway 
dryness, adherent epiglottis to posterior pharyngeal wall, thickened dried-up 
secretions, traumatic bleed in oral mucosa and tongue with usual laryngos- 
copy, etc. 
¢ MACOCHA score [20]: This is a simple score developed for ICU patients 

which has been shown to differentiate between a difficult and a nondif- 
ficult airway in ICU patients. The MACOCHA score has seven easily 
identifiable variables which are clinically relevant, it takes into account 
not only the anatomical difficulty (using the variable commonly tested in 
the operating room), but in addition physiological derangements like 
hypoxia and coma and also factors the skill of the airway operator, mak- 
ing its extremely relevant for ICU use. 
5. Physiologically difficult airway [17] 

The physiologically difficult airway situations include hypoxemia, hypoten- 
sion, severe metabolic acidosis, raised intracranial pressure, and right ventricular 
failure. The ICU physician should account for these physiologic derangements 
with airway management in critically ill patients regardless of the predicted ana- 
tomic difficulty of the intubation. 

(a) Hypotension and shock: Resuscitation and management of preintubation 
hypotension (PIH) or elevated shock index >0.8-0.9 are recommended to 
prevent adverse events. Anticipate and avoid PIH by appropriate induction 
agents and dosing. Incremental dosing or a decreased dose of induction 
agent (25-50% of normal) should be considered. 

(b) Renal and metabolic abnormalities: Preintubation metabolic acidosis repre- 
sents a major challenge and a risk for patient decompensation. Unlike respi- 
ratory acidosis, metabolic acidosis is not corrected by mechanical ventilation. 
Diagnosis and treatment of the underlying cause is recommended, as well as 
avoiding intubation in patients with severe metabolic acidosis if possible. 
There is an increased respiratory drive to compensate for a metabolic acido- 
sis by a respiratory alkalosis. This is accomplished by an increase in tidal 
volume and respiratory rate leading to an increase in alveolar minute 
ventilation. 
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(c) 


(d) 


(e) 
(f) 
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Rapid desaturation, hypercarbia: Due to compromised cardiorespiratory 
reserve, decrease in functional residual capacity, fatigue of prolonged NIV, 
increased metabolic demand pose patient to risk of rapid desaturation and 
hypercarbia during preoxygenation and between induction and intubation. 
Preoxygenation and apneic oxygenation are the two primary interventions 
that should be employed to improve preintubation pulse oximetry (SpO,) 
and reduce the risk of desaturation, with its subsequent complications, dur- 
ing intubation. Preoxygenate using NIPPV in a head-elevated position if the 
patient’s clinical condition allows and use apneic oxygenation with HFNC. 
Raised Intra-abdominal pressure: Raised intra-abdominal pressure could be 
a cause for failed NIV or the effect of prolonged NIV therapy. This poses 
significant concern during preoxygenation, rapid desaturation, risk of aspi- 
ration and endotracheal tube migration, and ventilator management 
difficulties. 

Severe sepsis: Severity of sepsis due to high-risk infection per se and associ- 
ated organ failures add on difficulties during intubation. 

Raised intracranial pressure (ICP): High-risk infections associated with 
raised intracranial pressure present a unique challenge during intubation, 
rapid fluctuations in intracranial pressure have to be handled by adequate 
dose of induction agents, use of adjuvant drugs to blunt the intubation reflex 
(lignocaine, dexmedetomidine), positioning to avoid increase in ICP, and 
maintaining normal peri-intubation period cerebral perfusion pressure. 


Use a checklist before tracheal intubation: It is preferable to use an intubation 
checklist before intubation in the ICU. The checklist may be modified according 
to the needs of the ICU. 

7. Infection control measures: There are several modifications that have been done 
to prevent healthcare workers of getting infected. Some of which are dis- 
cussed here. 


(a) 


(b) 


Modifications at the patient’s end 

¢ Preoxygenation—A minimum of 5 min preoxygenation with 100% oxy- 
gen can help in denitrogenation as well as gives time for intubation in 
respiratory-compromised patients. Positive pressure ventilations should 
be avoided if possible. In case of desaturation, positive pressure ventila- 
tion can be provided with tight fitting face mask with two-handed grip so 
as to minimize aerosol production. A bacterial and viral filter should be 
used between the face mask and ventilation device to reduce aerosoliza- 
tion risk. 

¢ Induction—Induction plays an important role in reducing aerosol genera- 
tion in such patients. Coughing or gagging during intubation in awake or 
partially sedated patients can cause greater risk of aerosol generation 
which can be minimized by complete paralysis. Although rapid sequence 
induction has limited role but it can be beneficial minimizing aerosol 
generation [21]. Awake intubation should always be strictly avoided in all 
high-risk infections [22]. 

Modifications at airway operator’s end 
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¢ Airway manager—To maximize the first pass success rate of intubation, 
intubation should be performed with most experienced team within mini- 
mum possible duration in a single possible attempt which significantly 
minimizes the time to stay at patient’s end while performing the proce- 
dure. Lesser time standing near patient’s end minimizes the aerosol expo- 
sure to the HCWs [23]. However, simultaneous training program of 
young residents on simulation models with other noninfective patients 
should go hand in hand to always keep a backup team ready in case of 
significant surges in the number of cases or in case the members of the 
experienced team are indisposed. 

¢ Instruments 

— Video laryngoscopes [24|—Use of video laryngoscopes allows the 
operator to stay at greater distance compared to conventional direct 
laryngoscopy. It has been shown that airway operator is significantly 
less contaminated while using video laryngoscope compared to direct 
laryngoscopes [25]. 

— Video-assisted intubating stylet—Several studies compared these 
intubating stylets to video laryngoscopes and conventional direct 
laryngoscopes and the consensus is that they are easier to use with 
higher first pass success rate. They also allow the airway operator to 
stay at greater distance from the patient as compared to direct laryn- 
goscopy [26-28]. 

¢ Personal protective equipment (PPE)—These are for aerosol and droplet 
prevention and include mask, gown, gloves, shoe covers, and face shield. 

Proper placement of PPE is of utmost importance while performing such 

procedures and handing airway which includes donning as well as doff- 

ing with all aseptic precautions. Powered air-purifying respirators (PAPR) 
protect much better than mask from the droplet and aerosols, but their 
constant supply in face of pandemic is often a limiting factor. Also, fre- 
quent fogging limits vision while doing procedures, PAPR leads to diffi- 
culty in hearing and donning of PPE often compromises effective 
communication among team members. 

¢ Confirmation of tube position—Visible chest rise on positive pressure 
ventilation with appearance of end-tidal capnography should be consid- 
ered as the first choice for confirmation of endotracheal tube placement. 

Chest auscultation should be avoided as much as possible. 

(c) Environmental modifications 

¢ Negative pressure isolation rooms—All aerosol-generating procedures 
should ideally be performed in negative pressure (<—5 Pa) isolation 
rooms having at least 12 air exchanges per hour [29, 30]. Air condition- 
ing should ideally be switched off. There should be decrease occupancy 
in the vicinity of aerosol-generating procedure room. Laminar flow 
should be maintained in isolation room. 

¢ Intubation box/ Aerosol containment box—These are transparent acrylic 
boxes with holes on sides for assistance and doing airway procedures. 
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These holes have limited circumference making it difficult by operators 
to perform airway maneuvers. These aerosol containment devices do not 
offer good protection unless coupled with negative pressure device. Also, 
these vacuum devices should be active for at least 30 min postintubation 
for proper disposal of droplets and aerosols. Simulation studies have 
shown that one size does not fit all and these boxes often make tracheal 
intubation difficult subsequently leading to spending more time near 
patient and greater exposure to highly infectious aerosols [3 1-33]. Poorly 
designed barrier devices without negative pressure or vacuum application 
may potentially direct the aerosols toward the operator [34]. Protective 
ventilation practices and interventions can reduce the airborne concentra- 
tion, which reduces the overall viral dose to occupants. 

Plastic tent/drapes/ plastic hoods—These have been suggested for low 
cost, easy availability, disposable acts as barrier between operator and 
patient thereby preventing aerosol transmission [35, 36]. However, there 
are contradictory ideas as decrease in aerosol production has not been 
scientifically proved. In agitated and claustrophobic patients, it is diffi- 
cult to use. Also, theoretically it increases the risk of fomite borne spread 
of infection [21]. 

Negative airflow tents—These tents consist of clear, foldable, and easily 
portable plastic sheets having multiple foldable frames allowing easy 
accessibility to patients. Air within the tent is drawn through a high- 
efficacy air filter through negative pressure and is exchanged over 600 
times/h 50 times the 12 air cycles/h. These tents have shown to effec- 
tively clear the droplets and aerosols generated during procedures [37]. 
Biomedical waste disposal—The biomedical waste generated during the 
intubation should be disposed securely in a bag with label of high-risk 
infection. The bag surface should be sprayed with disinfectant and should 
be disposed [38]. 

Filters and closed suction should be used to prevent aerosol spread. 


Conclusion 


The COVID pandemic forced the critical care physicians all over the world to reex- 
amine their approach to medicine, foray into unchartered waters, and to think on 
their feet. Despite the occasional fission of fear felt by each one of us on approach- 
ing an infected patient, the medical fraternity rose to the challenge of the pandemic, 
devising the best possible way to protect themselves and simultaneously not com- 
promise on patient outcome. NIV along with stringent aseptic precautions may pro- 
vide an answer to this quandary and help to tackle the COVID conundrum in the 
following months. 
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PIV Parainfluenza Virus 

RSV Respiratory Syncytial Virus 

SARS CoV-1 Severe Acute Respiratory Syndrome Coronovirus- | 
SARS CoV-2 Severe Acute Respiratory Syndrome Coronovirus-2 


VAP Ventilator-associated Pneumonia 
VZV Varicella Zoster Virus 
Introduction 


Acute respiratory failure is a respiratory failure that begins suddenly as a result of a 
serious disorder in pulmonary gas exchange. Pneumonias are among the causes of 
acute respiratory failure [1]. Pneumonia is in the first place as a source of infection 
in intensive care units [2]. Pneumonia divides into two classes based on its origin 
which are (a) community-acquired pneumonia (CAP) and (b) nosocomial pneumo- 
nia. These reflects that the factor which leads pneumonia has been obtained in hos- 
pital environment [Hospital-acquired pneumonia (HAP) and ventilator-associated 
pneumonia (VAP)] [3-5]. Pneumonia that develops in community conditions or 
occurs in the first 48 h of hospital admission is called community-acquired pneumo- 
nia (CAP) [6]. HAP is pneumonia which develops after 48 h of hospital admission. 
VAP is pneumonia which develops in patients who were applied mechanical venti- 
lation at least 48 h [5]. 

Streptococcus pneumonia and respiratory viruses are the most common agents in 
CAP cases. The role of viral pathogens in the etiology of CAP is increasing day by 
day, especially with the widespread use of the pneumococcal conjugate vaccine. 
Bacterial pathogens generally coexist with viruses [3]. Nowadays, with resistant 
bacteria in CAP etiology, Pseudomonas aeruginosa, extended-spectrum B-lactamase 
Enterobacteriaceae, and methicillin-resistant Staphylococcus aureus (MRSA) 
(defined as PES pathogens) are increasing in infection rates, making up 6% of hos- 
pitalized CAP cases [7, 8]. Itis known that atypical bacterial factors such as L. pneu- 
mophila, M. pneumoniae, and H. influenzae can cause severe pneumonia in the 
etiology of CAP [9]. Gram-positive cocci, gram-negative bacilli, and anaerobic bac- 
teria (such as Bacteroides, Fusobacterium) colonized in the oropharynx are often 
involved in the etiology of aspiration pneumonia that develops in individuals with 
risk factors such as alcoholism, poor oral hygiene, and unconsciousness; the infec- 
tion is often polymicrobial [10]. The use of polymerase chain reaction (PCR) tests 
has led to an increase in the detection of respiratory viruses in patients presenting 
with CAP. In a wide-ranging study investigating the etiological agents in CAP, 
pathogens were detected in 38% of the patients, with viruses found in 27% and 
bacteria in 14%. In this study, rhinovirus, influenza virus, and S. pneumonia were 
the most frequently encountered agents [11]. In another similar study, the agent 
isolation rate was 22%, with bacterial agents found in 47% of patients (most com- 
mon S. pneumonia) and viral agents in 34% (the most common influenza virus) 
[12]. In a study about CAP cases by Zhou et al., the most often identified virus was 
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influenza virus (28.4%), followed by the respiratory syncytial virus (RSV) (3.6%), 
adenovirus (3.3%), human coronavirus (3.0%), parainfluenza virus (PIV) (2.2%), 
human rhinovirus (1.8%), and human metapneumovirus (HMPV) (1.5%) [13]. Choi 
et al. screened patients with pneumonia in the intensive care unit and identified the 
following viruses; Rhinovirus (23.6%), PIV (20.8%), HMPV (18.1%), influenza 
virus (16.7%), and RSV (13.9%) [14]. 

Recent experience with severe acute respiratory syndrome coronavirus-2 (SARS 
CoV-2) with high mortality and severe pneumonia has once again reminded the 
importance of viral pneumonia. Historically, there have been many epidemics 
caused by viruses, including the 1918 pandemic with influenza type A (Spanish flu); 
the severe acute respiratory syndrome coronavirus-1 (SARS-CoV-1) virus (SARS) 
in 2002; H5N1 influenza-A (Asian Bird Flu) in 2003; HIN1 influenza-A HIN1 
(Swine flu) in 2009; the Middle East respiratory syndrome coronavirus (MERS- 
CoV) in 2012 (MERS); and most recently SARS CoV-2 pandemic in 2019 causing 
a large number of deaths [15]. Diagnosis of viral pneumonia depends on clinical 
criteria, epidemiological factors, seasonal characteristics of the viral pathogen, 
molecular detection methods, and other laboratory-related features. The sampling 
region of the specimen for molecular tests (e.g., nasopharyngeal swab, bronchoal- 
veolar lavage) can also change the detection rate of the virus. In immunosuppressive 
patients, the incidence of viral pneumonia and serious disease is much higher, 
including also higher mortality [15]. 

Nosocomial pneumonia can be caused by a wide variety of pathogens. 
According to the clinical practice guidelines of the American Thoracic Society 
(ATS) and Infectious Disease Society of America (IDSA), the organisms most 
frequently associated with VAP are S. aureus (20-30% of isolates), P. aeruginosa 
(10-20%), enteric gram-negative bacilli (20-40%), and Acinetobacter baumannii 
(5—10%) [4]. Although there are little data on HAP cases observed in patients who 
do not receive mechanical ventilation treatment, in a study by Weber et al., the 
most commonly identified agents in the etiology of pneumonia were gram-posi- 
tive cocci; Staphylococcus aureus 33.7%, Streptococcus pneumoniae 5.5% and 
gram-negative bacilli; Enterobacteriaceae spp. 16.3%, Pseudomonas aeruginosa 
9.26%, Acinetobacter spp. 3.33% [16]. While microbiological and molecular 
methods are important in defining the etiology in pneumonia cases, it is not always 
possible to make a diagnosis and clarify the etiology with these methods. 
Radiological findings are very important in estimating the agent based on the 
disease-specific radiological findings and determining the severity and extent of 
the infection. 

Chest radiography (CXR): Chest radiography remains an essential component in 
the evaluation of a patient with suspected pneumonia. ATS guidelines recommend 
obtaining a chest radiograph in the initial evaluation of pneumonia [17]. The radio- 
logical pattern of pneumonia is often related to the causative agent. Chest radiogra- 
phy is useful for detecting the spread of pneumonia and complications (cavitation, 
abscess formation, pneumothorax, and pleural effusion). Sometimes it is challeng- 
ing to differentiate pneumonia from conditions such as left heart failure, pulmonary 
embolism, and aspiration pneumonia with chest radiography [18]. 
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Computerized tomography (CT): Especially high-resolution CT (HRCT) is more 
sensitive in revealing the suspicious, uncertain appearances up to 5 days before the 
chest radiography in showing findings suggestive of pneumonia. It is useful to add 
HRCT to the conventional radiography when evaluating pneumonia complications 
if the presence of an underlying lesion such as pulmonary carcinoma is suspected; 
in suspicious cases such as left heart failure or pulmonary embolism [18]. 

Common radiological patterns in pneumonia: Since the agent is acquired through 
the airways, in most pneumonia cases, one of the following three radiological pat- 
terns is observed: (a) focal nonsegmental or lobar pneumonia; (b) multifocal bron- 
chopneumonia or lobular pneumonia; (c) focal or diffuse interstitial pneumonia [18]. 


Radiological Findings Specific to Common Pneumonia Agents 
Bacterial Pheumonias 


Streptococcus pneumonia: Streptococcus pneumonia is the most common bacte- 
rium involved in the etiology of CAP cases. Lobar pneumonia is the most common 
appearance in imaging. Lung volume is not changed, and cavitation is rare. 
Following antibiotic therapy, patchy areas of multilobar or bilateral consolidation 
can be encountered. A small amount of reactive pleural effusion is usually present. 
Centrilobular nodules, thickening of the bronchiole wall, and bronchiectasis can be 
seen in patients who are simultaneously infected with other microorganisms [10]. 

Staphylococcus aureus: Staphylococcus aureus can be involved in the etiology of 
HCP and VAP. It can cause fulminating secondary pneumonia after a viral infection 
and is associated with pneumatoceles in infants. Radiologically, it often causes a 
pattern of bronchopneumonia. CT findings show centrilobular nodules and thicken- 
ing of the bronchial wall. In methicillin-resistant staphylococcal pneumonia, con- 
solidation is more common in the peripheral areas of the lung. Cavitation can be 
seen in the consolidation areas. Lung abscesses and empyema can be seen. 
Pneumatoceles (thin-walled, air-filled cystic spaces) can be seen during the first 
week of the disease and disappear spontaneously within weeks and months. 
Pneumatoceles can cause secondary pneumothorax [10]. 

Mycoplasma pneumonia: Mycoplasma pneumoniae most often affects young 
people. Chest radiography may show reticulonodular opacities or patchy consolida- 
tion areas. In CT, centrilobular nodules, ground-glass opacities (ground-glass opac- 
ity GGO), and lobular consolidation areas with thickening of the bronchiole wall are 
common findings. Excessive GGO or consolidation can progress to acute respira- 
tory distress syndrome (ARDS) [10]. 

Legionnaires’ disease: It is caused by Legionella pneumophila. This infection 
often causes outbreaks. Air conditioning and humidifying devices, for example, can 
spread contaminated water droplets, which are inhaled, opening a way to the body 
for the microorganism. A rapidly progressing consolidation can be seen on chest 
radiography. This consolidation is usually initially segmental, peripheral, and devel- 
ops bilateral in 50% of cases. CT shows multilobar/multisegmental airspace disease 
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with diffuse GGO. Early recognition of this pneumonia is essential because delay in 
diagnosis can be fatal [10]. 

Klebsiella pneumonia (Friedlander’s pneumonia): Klebsiella pneumonia genet- 
ally develops in elderly patients with chronic pulmonary disease or alcoholics in the 
community. Radiological findings include homogeneous parenchymal consolida- 
tion, including air bronchograms. The right upper lobe is most commonly involved. 
Increased volume can be seen in the affected lobe due to the inducement of large 
amounts of inflammatory exudate. This increased volume causes the adjacent inter- 
lobar fissure to become swollen. Complications include chronic pneumonia, lung 
abscess, and pulmonary gangrene. Centrilobular nodules, thickening of the bronchi- 
ole wall, and bronchiectasis are seen in patients with other concomitant infec- 
tions [10]. 

Gram-negative aerobic pneumonia: Gram-negative aerobic pneumonia other 
than Klebsiella spp. involves Haemophilus spp., Pseudomonas spp., Escherichia 
coli, Proteus spp., etc. They commonly lead to nosocomial pneumonias and 
CAP. Patients with underlying local and/or systemic diseases and debilitated elderly 
patients are included in the predisposed group. Imaging findings include centrilobu- 
lar nodules, thickening of the bronchiole wall, GGO, bronchopneumonia pattern, 
and patchy consolidation findings, which can lead to lobar distribution. Pleural effu- 
sion and cavitation are more common [10]. 

Aspiration pneumonia: In aspiration pneumonia, the upper lobe posterior and 
lower lobe superior segments of the lung and lower lobe basal segments in the 
upright position are affected in patients lying on the back. The right lung is usually 
more likely affected. Radiographically, a pattern of bronchopneumonia can be seen, 
ranging from segmental areas of patchy, bilateral opacities to extensive, confluent 
involvement. Cavitation or abscess formation can also be seen in these patients [10]. 


Viral Pheumonias 


Influenza virus: Influenza viruses are single-stranded RNA viruses that belong to the 
Orthomyxoviridae family and are categorized into three subgroups (A, B, and C). 
Of these three groups, type A and sometimes type B cause pneumonia. Influenza 
viruses cause seasonal respiratory infections. They cause periodic, endemic, and 
pandemic infections. While influenza A virus usually causes a mild and limited 
infection in the upper respiratory tract, it can lead to complicated severe infections 
such as hemorrhagic bronchitis and fulminant pneumonia in high-risk groups, 
immunosuppressed and elderly patients. There are many subtypes of influenza A 
virus (HIN1, H1IN2, H2N3 etc.) according to their surface proteins [10, 19]. There 
are no significant differences between the radiological findings of pneumonia 
caused by influenza A or B and the subtypes [10]. Histopathological studies have 
shown that severe influenza is characterized by necrotizing bronchitis, small vessel 
thrombosis, interstitial edema, and inflammatory infiltrates, the formation of hya- 
line membranes, hemorrhage, and diffuse alveolar damage. Similar to the histo- 
pathological panorama, imaging findings in influenza pneumonia have been reported 
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widely [15]. In H1N1 influenza patients, the central or peripheral GGOs and areas 
of consolidation (patchy or nodular appearance) in the first chest X-ray findings 
have been reported [20]. While approximately half of the patients with proven influ- 
enza virus do not have an abnormal finding on CT, GGO, multifocal consolidation, 
or GGO-consolidation combination are the most common patterns in the presence 
of abnormal findings on CT (Fig. 1). Interlobular septal thickening and centrilobular 
nodules are also common findings. Similar to organized pneumonia, the presence of 
a predominant peribronchovascular and subpleural distribution has also been 
described. Bilateral patchy consolidation, small nodules, and patchy GGO with 
consolidation areas have been reported in patients with underlying hematological 
malignancies [15]. 

Parainfluenza virus (PIV): Parainfluenza virus belongs to the Paramyxoviridae 
family and is one of the most common causes of seasonal upper respiratory tract 
infections in adults and children. Four types have been identified, of which PIV 
types 1-3 are the most common. PIV type 3 is one of the main causes of respiratory 
tract diseases in immunosuppressive patients. CT findings are not specific. Numerous 
small peribronchial nodules, GGO, and airspace consolidation are seen. PIV infec- 
tion predominantly affects the lower lobes, which helps distinguish it from other 
viral infections [15, 21]. 

Respiratory syncytial virus (RSV): RSV is a virus that can be encountered world- 
wide, causing seasonal (especially in spring and winter) respiratory tract infections. 
It is the most common cause of lower respiratory tract infections in infants. RSV 
usually causes symptoms such as rhinorrhea, pharyngitis, cough, and fever in 
immunocompetent adults. It can cause severe and fatal pneumonia in immunocom- 
promised adults, especially those with hematological diseases [15, 21]. In adults, 
CXR usually do not distinguish RSV pneumonia from bacterial infection. While 
bilateral alveolar opacities are the most common finding on CXR, interstitial 
changes can also be observed. On CT, RSV pneumonia typically shows an airway- 
centered pattern with GGOs, focal consolidation areas, bronchial wall thickening, 
and nodules. Especially CT findings in the early phase are more characteristic with 


Fig. 1 51-years-old female patient with HIN1 pneumonia. Both lungs have widespread GGO and 
partially consolidated areas 
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nodules and tree-in-bud opacities. When nodules are present, the peripheral halo of 
ground glass is typical (70%) and can be helpful in the differential diagnosis [15]. 

Human metapneumovirus (HMPV): HMPV was first detected in 2001. It is 
molecularly similar to RSV. HMPV is responsible for approximately 4% of CAP in 
immunocompetent individuals [19]. It is common, especially in the spring months. 
Although HMPV infection is usually asymptomatic or causes mild and self-limiting 
symptoms in young, healthy adults, it can cause severe pneumonia in the elderly and 
immunocompromised [22]. Koo et al. investigated the CT findings of patients diag- 
nosed with HMPV. Bilateral lung involvement was found in 76% of patients, and 
the most common CT findings were bronchial wall thickening, ground-glass opaci- 
ties, and centrilobular nodules. In addition, macronodules and areas of consolida- 
tion were seen frequently, although they were less common [22]. 

Adenovirus: Adenovirus is a double-stranded DNA virus. It causes acute respira- 
tory infections in 5—10% of infants and less than 1% of adults. Adenoviruses cause 
lysis in respiratory tract epithelial cells and affect the airway epithelium up to the 
terminal bronchioles. It can lead to pharyngitis, laryngitis, tracheobronchitis, bron- 
chiolitis or bronchopneumonia. Adenovirus pneumonia is mild in most immuno- 
competent patients and resolves within 2 weeks. In immunosuppressive patients, it 
may cause severe pneumonia that may progress to ARDS [19]. CXR findings may 
be normal in the early period, and bilateral or unilateral parenchymal opacities may 
be observed with the progression of the infection. The most common finding in CT 
is consolidation in the presence or absence of GGO, predominantly in the subpleu- 
ral and peribronchovascular areas. Less commonly, septal thickening and nodules 
may also be present. Since severe adenovirus pneumonia can contain areas of focal 
consolidation, adenovirus is the only virus known to cause focal or lobar consolida- 
tion resembling bacterial pneumonia [15]. 

Cytomegalovirus (CMV): CMV is a DNA virus belonging to the Herpesviridae 
family. It is a common human pathogen and has the capacity to remain latent in a 
variety of nucleated cells. CMV does not constitute a significant disease among 
people with intact immune systems [21]. However, it can cause life-threatening 
pulmonary infections in immunosuppressive patients. In immunosuppressive 
patients, the disease occurs as a result of reactivation of the latent virus or adminis- 
tration of bone marrow or blood products with CMV seropositivity. Transplantation 
and long-term corticosteroid therapy are important risk factors. The early 
(30-100 days) period after transplantation is the critical time period for CMV infec- 
tion. CMV infection is a common complication in both hematopoietic stem cell 
transplantation and solid organ transplantation [19]. Among more severely immu- 
nocompromised acquired immune deficiency syndrome (AIDS) patients with diffi- 
culties in generating a severe immune response, lung injury due to CMV pneumonia 
has been associated with the direct cytopathic effect of CMV. In histopathological 
examination, the association of high density of CMV inclusion bodies and alveolar 
damage with increased intensity and prevalence has been observed [19]. Although 
there are variable findings on CXR, reticular, reticulonodular pattern, GGO, con- 
solidative areas, or a combination of these patterns can be seen [15]. The leading 
findings in CT are bilateral asymmetric GGO, difficultly detected small 
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centrilobular nodules, and consolidative areas (Fig. 2). Thickening of the interlobu- 
lar septa may also be seen. However, mass-like infiltrates are more common in 
AIDS patients than in non-AIDS patients [19]. 

Varicella zoster virus (VZV): Varicella (chickenpox) is a common contagious 
childhood infection, with increasing prevalence in adults [21]. However, dissemi- 
nated VZV infection has a mortality rate of 9-50%, and pneumonia is common in 
these cases and may progress with serious complications. Predisposing conditions 
include pregnancy, leukemia and lymphoma, and other causes of immunodeficiency 
[19]. Chest radiography findings of VZV pneumonia consist of multiple scattered 
5-10 mm poorly circumscribed nodules that can be mixed with each other. These 
nodules are calcified and may persist for several months. CT findings of VZV pneu- 
monia include nodules, ground-glass areas surrounding the nodules (halo sign), 
GGOs with patchy distribution, and nodules that tend to merge. The disappearance 
of these features in CT is correlated with the healing of skin lesions in patients after 
antiviral chemotherapy. With their well-defined randomly distributed appearances 
of 2-3 mm, nodules may be calcified and stay for a few months [15, 21]. 

Coronavirus: Human coronavirus is an RNA virus belonging to the Coronaviridae 
family. Coronavirus has become a global problem, causing SARS in 2002 and 
MERS outbreaks in 2012. In December 2019, a new coronavirus, SARS-CoV-2, 
which causes Covid-19 disease, was detected in Wuhan Province, China. The new 
virus has spread globally, and in March 2020, World Health Organization (WHO) 
declared the Covid-19 outbreak as a pandemic [23]. Transmission appears to be 
similar to that of other coronaviruses. Covid-19 can lead to clinical pictures ranging 
from asymptomatic disease to fatal multiorgan failure, depending on the patients’ 
age, comorbidities, and immune response. The most common symptoms of the dis- 
ease at the beginning are fever, cough, anosmia, dyspnea, and fatigue. In later stages, 
especially in severe disease, pneumonia, ARDS (usually occurs 6—7 days after the 
onset of symptoms), renal failure, embolic attacks, cytokine storm, septic shock, 
and multiple organ failure may develop [15]. 


Fig. 2 Bilateral asymmetric GGO on CT of the patient with CMV pneumonia, difficultly detected 
small centrilobular nodules 
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The role of chest radiography in COVID-19 infections: CXR is the initial radio- 
logical evaluation to show the extent of the disease in most centers. The sensitivity 
of CXR for detecting COVID-19 infection is 69-75%, being lower in the early 
stages of the disease. The specificity and positive predictive value of the radio- 
graphic findings depend on the extent of the disease and the time of imaging because 
of the imaging findings that appear more prominently in the next 10-12 days after 
the onset of the symptoms. CXR findings of COVID-19 include interstitial abnor- 
malities (reticular and reticulonodular pattern) and alveolar abnormalities (sparse 
hazy opacities with or without consolidation). The most commonly reported chest 
radiographic finding is bilateral peripheral involvement, predominantly in the lower 
lobes. Unilateral distribution of the disease can also be seen, but less frequently. As 
the disease progresses, these pulmonary opacities become more diffuse and con- 
verging. It is rare to see pleural effusion or cavitation in the affected lung [20,29,34]. 

Role of CT imaging findings in COVID-19 infection: The detection of positive 
CT findings of COVID-19 pneumonia increases with the duration of symptoms 
(sensitivity 70-97%). A negative CT finding, especially within the first 2 days of the 
disease, does not exclude COVID-19 infection. The weight of imaging findings on 
CT correlates with the initial positivity of reverse transcription polymerase chain 
reaction (RT-PCR) results. It is unlikely that consolidative opacities will be found in 
a patient with an initially negative PCR result. The specificity of CT reports for 
COVID-19 pneumonia is highly variable (7—100%), which is partly attributed to the 
variable prevalence of other diseases with imaging features overlapping with 
COVID-19 pneumonia. In addition to detecting the diagnostic characteristics of 
COVID-19, CT is also valuable for showing the complications that may arise with 
this disease. ARDS and added bacterial pneumonia, as well as pulmonary artery 
embolism, are examples of these complications. Sometimes CT is also valuable in 
revealing alternative diagnoses such as aspiration pneumonia or pulmonary edema 
[24]. The Radiological Society of North America (RSNA) has developed a practical 
guide for reporting CT findings attributed to COVID-19 pneumonia. Four catego- 
ries have been proposed for standardized COVID-19 reporting: typical appearance, 
indeterminate appearance, atypical appearance, and nonpneumonia (negative for 
pneumonia) appearance. The purpose of this standardization is to help the radiolo- 
gist to recognize the findings of COVID-19, reduce variability in reporting, reduce 
uncertainty in reporting findings attributed to COVID-19 infection, and improve 
communication with the referring physician. Adherence to the American College of 
Radiology Practice Parameter for Communication of Diagnostic Imaging Findings 
is highly recommended. In typical appearance, there are more specific and widely 
reported imaging features for COVID-19 pneumonia: (a) peripheral, bilateral, con- 
solidated, or unconsolidated GGO or visible intralobular lines (“crazy-paving” pat- 
tern); (b) multifocal GGOs with or without consolidation round morphology or 
visible intralobular lines (“crazy-paving” pattern); (c) reversed halo sign (RHS) or 
findings of organizing pneumonia (seen in the later stages of the disease) (Fig. 3). In 
the indeterminate appearance of COVID-19 pneumonia, the following nonspecific 
imaging features of COVID-19 pneumonia can be observed (in addition to the 
absence of typical features): (a) multifocal, diffuse, perihilar, or unilateral GGO 
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multifocal, peripheral, 
subpleural localized GGO 
areas and locally 
interlobular septal 
thickening were observed 
on CT of a 77-year-old 
male patient. Findings are 
typical for COVID-19 
pneumonia 


with or without consolidation lacking a specific distribution and that are nonrounded 
or nonperipheral; (b) the presence of a small number of GGOs with nonrounded and 
nonperipheral distribution. In atypical appearance, COVID-19 pneumonia has 
rarely or not reported features, following findings without typical or indeterminate 
appearance: isolated lobar or segmental consolidation without GGO; discrete small 
nodules (centrilobular, “tree-in-bud” appearance); lung cavitation, soft interlobular 
septal thickening with pleural effusion. In negative for pneumonia appearance, there 
are no pneumonia features in appearance. There are no CT findings to suggest pneu- 
monia [25]. 


/ 


Conclusion 


Although our knowledge of different organisms has increased over the past decade, 
diagnosis is still strongly based on clinical suspicion. However, combining imaging 
findings with relevant clinical and epidemiological features can enable radiologists 
and clinicians to significantly narrow down the differential diagnosis. Radiological 
findings guide clinical management and can improve patient outcomes by influenc- 
ing early treatment decisions before the results of molecular tests are available. 
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FB Fiberoptic bronchoscopy 

FiO, Oxygen fraction 

ICU Intensive care unit 

IMV Invasive mechanical ventilation 


IPAP Inspiratory positive airway pressure 


A. C. Pazarli (&)) 
Department of Pulmonary Diseases, Faculty of Medicine, Gaziosmanpasa University, 
Tokat, Turkey 


© The Author(s), under exclusive license to Springer Nature 351 
Switzerland AG 2023 

A. M. Esquinas (ed.), Noninvasive Mechanical Ventilation in High Risk 

Infections, Mass Casualty and Pandemics, 

https://doi.org/10.1007/978-3-03 1-29673-4_38 


352 A.C. Pazarli 


NIV Noninvasive ventilation 
NNIS National Nosocomial Infection Surveillance 
PEEP Positive end-expiratory pressure 


PSB Protected specimen brushings 
SpO, Oxygen saturation 

VAP Ventilator-associated pneumonia 
Introduction 


Since fiberoptic bronchoscopy (FB) is an aerosol-generating procedure, it should 
only be used when necessary in high-risk infections and possible changes to treat- 
ment. If FB is indicated in patients with high-risk infections and acute respiratory 
failure (ARF), infection control precautions should be used for all healthcare pro- 
viders. Breathing through a placed airway (e.g., endotracheal tube [ETT]) may have 
a less infection risk than a spontaneously breathing patient. However, every patient 
with respiratory failure is likely to be treated with NIV support instead of invasive 
mechanical ventilation (IMV) support. It can only be performed after endotracheal 
intubation (ETT) in acute severe hypoxemic and/or hypercapnic patients due to tech- 
nical complications. Furthermore, FB can be performed under NIV for diagnostic 
purposes to prevent ETI in patients with ARF due to pulmonary infiltrates of 
unknown origin who are in spontaneous breathing or under NIV support. Compared 
to traditional mechanical ventilation, NIV provides similar physiological benefits 
such as reduced breathing work and improved gas exchange. It prevents complica- 
tions of intubation and an increased risk of ventilator-associated pneumonia (VAP). 
It can be used as an alternative treatment over invasive ventilation in an early stage 
and an advanced stage of ARF to prevent the need for ETI in patients with respira- 
tory failure. Compared to IMV, NIV provides a lower risk of nosocomial infections, 
decreased antibiotic consumption, shorter stay in the intensive care units (ICU), and 
lower mortality. 

In this article, it is aimed to discuss the indications for FB, its techniques and 
procedures with NIV in cases with ARF due to high-risk infections. 


Discussion 


Considering the global spread of COVID-19 infection and the increasing number of 
COVID-19 cases at an accelerating pace, which started in 2019 and continues as a 
critical problem worldwide, the importance of the safe and effective use of FB in 
high-risk infection patients has been significant. Regardless of its etiology, our main 
goal in this procedure should be to ensure the safety of patients, healthcare staff, and 
society. Safety precautions should be taken when using noninvasive ventilation dur- 
ing fiberoptic bronchoscopy. FB is not typically performed during NIV due to the 
theoretical risk of respiratory arrest that could cause worsening of respiratory 
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failure or intubation. However, if FB is necessary, it can be performed using a full- 
face mask with a specialized adapter through which the bronchoscope can pass 
through [1]. Many trials have evaluated the role of NIV in preventing intubation 
during FB in high-risk patients [2, 3]. Although studies have shown an increase in 
NIV use in both general and specific patient populations, unsuccessful NIV was 
found to be independently associated with death, especially in patients with de novo 
ARF [4, 5]. The number of diagnostic and therapeutic applications of FB accompa- 
nied by NIV in patients with hypercapnic and hypoxemic respiratory failure have 
been increasing in recent years. It has been reported that the use of NIV during 
fiberoptic bronchoscopy is safe with an experienced bronchoscopist and prevents 
gas exchange abnormality when compared with only oxygen support. 

Patients in the ICU are at risk for nosocomial pneumonia due to lung problems. 
According to the results of National Nosocomial Infection Surveillance (NNIS), 
nosocomial pneumonia accounts for approximately 15% of all hospital infections 
and is the second most common cause of infection following urinary tract infections 
[6]. Nosocomial pneumonia is the most common nosocomial infection in ICU [7]. 
Center for Diseases Control (CDC) has determined the average pneumonia attack 
rate in adult intensive care units to be 6—15.3 per 1000 ventilator days. Intubation of 
the trachea and mechanical ventilation is associated with an increase of the inci- 
dence of pneumonia 7 to 21 times. Ventilator-associated pneumonia (VAP) develops 
in 28% of patients receiving mechanical ventilation [8]. 

The clinical diagnosis of this condition in ICUs is difficult. Diagnostic criteria 
are often fever, cough, development of purulent sputum, evidence of new or pro- 
gressive infiltration on radiography, evidence on gram staining, positive sputum, 
tracheal aspirate, pleural fluid or blood culture. Although combining clinical find- 
ings with sputum or tracheal samples is sensitive to bacterial pathogens, it is not 
specific for the patients undergoing mechanical ventilation. The use of quantitative 
culture techniques has been proposed as the most accurate way to identification 
cases with pneumonia. 

Quantitative protected specimen brushings (PSB), bronchoalveolar lavage 
(BAL), preserved BAL are the methods suggested by researchers. The incidence of 
VAP increases with ETT, especially in patients with high infection risk. The place- 
ment of the artificial airway plays an important role in the pathogenesis of VAP. The 
presence of an endotracheal tube allows microorganisms to directly access both the 
ICU environment and the tracheobronchial tree. Thus, microorganisms may bypass 
all defense mechanisms against respiratory infections located on the vocal cords. 
ETT itself can contribute to the pathogenesis of pneumonia by allowing bacteria to 
enter directly into the lung and providing a surface for the formation of a bacterial 
biofilm along the inside of the ETT. Diagnosing pneumonia is an important part of 
the management of VAP. Once the etiological factors have been identified, the selec- 
tion of antimicrobial drugs is much easier in light of the susceptibility pattern of the 
causative pathogens. NIV should be preferred in patients developing ARF. The role 
of NIV is also becoming increasingly important. Compared to IMV treatment, early 
use of NIV in ICU to reduce pulmonary infective complications is particularly ben- 
eficial in ARF patients with high sensitivity to nosocomial infections, such as those 
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with reduced defense mechanisms. The risk of nosocomial pneumonia in patients 
treated with NIV was found to be significantly lower as 13.2% in 1000 ventilation 
days versus 4.4% in infected patients without NIV treatment [9]. 


The Use of Bronchoscopy and Noninvasive 
Mechanical Ventilation 


NIV treatment contraindications such as unconsciousness, severe agitation, uncon- 
trolled vomiting, acute myocardial infarction, cardiac arrest, facial trauma are the 
same as in FB. In addition, the failure to keep oxygen saturation above 85% despite 
high oxygen fraction (FiO,) is an indication for endotracheal intubation, so the pro- 
cedure should not be performed under NIV. Performing FB while applying NIV has 
some advantages such as preventing complications related to ETT and prolonged 
mechanical ventilation, allowing spontaneous breathing to improve perfusion 
matching and hemodynamic profile, and less sedated ICU patients during mechani- 
cal ventilation. Furthermore, it can be performed outside the ICU to assess expira- 
tory central airway collapse. It is a fact that the use of NIV during FB in high-risk 
infections provides benefits for the patient since it ’is important to reduce possible 
complications during the procedure. 


Ensuring Safety in the Workplace 


During performing the FB & NIV procedures in patients with high-risk infections, 
it is imperative for the team that will perform the procedure to comply with the 
safety measures as much as possible for their own health. 

Infection prevention measures can be divided into four steps in general. 


1. Standard measures 
Hands should be washed at every opportunity. But especially; 
(a) Before and after contact with the patient 
(b) If the patient has been in contact with surfaces that are likely to be contami- 
nated with respiratory secretions 
2. Contact precautions 
(a) Gloves should therefore be used during all patient-care activities. 
(b) Separate medical devices (stethoscope, thermometer, etc.) should be used 
for patients, if possible. 
3. Eye protection 
(a) Individuals who will approach the patient within | m should definitely wear 
glasses or face shields. 
4. Airway precautions 
(a) The procedure should be done by taking the patient into the airway isola- 
tion room. 
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(b) The isolation room pressure should be lower than the corridor. The air inside 
should be changed 6-12 times per hour and the air should be passed through 
the HEPA filter and thrown out. 

(c) Those who enter the room should use N-95 mask which is also used in 
SARS and Tuberculosis. 


The Equipment 


The protective equipment of the bronchologists, nurses, and other health workers 
should be provided before the bronchoscopy procedure to be performed under NIV, 
especially interventions for the patients with high-infection risk (Fig. 1). An orona- 
sal mask, full-face mask or helmet mask can be used on the patient while perform- 
ing bronchoscopy (Fig. 2). 


Fig. 1 Personal protection 
equipment of the team that 
will carry out the 
procedure 


Fig. 2 Performing fiberoptic bronchoscopy in critically ill patients using a face mask for NIV 
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Fig. 3 T adapter-swivel connector used in NIV-guided bronchoscopy procedure 


Firstly, a mask, T adapter-swivel connector, circuit, mechanical ventilator, gel, 
and mouthpieces should be prepared. If there is no intermediate connector, the T 
adapter should be attached to ensure the passage of the bronchoscope without break- 
ing (Fig. 3). 


The Technique and the Procedure 


It is known that the bronchoscope covers 10-15% of the tracheal lumen and reduces 
arterial oxygen pressure (PaO,) by 10-20 mmHg during the procedure and up to 2h 
after the procedure [10]. 

For this reason, there may be respiratory and cardiac complications. The 
American Thoracic Society recommends avoiding FB and BAL in patients with 
unrecoverable PaO, levels to at least 75 mmHg or arterial oxygen saturation >90% 
(SaO,) with supplemental oxygen [11]. Performing bronchoscopy through an endo- 
tracheal tube (ETT) may cause a decrease in tidal volume and large increases in 
peak inspiratory pressure. Baumani et al. stated that bronchoscopy can be performed 
at an acceptable risk in critically ill patients with acute hypoxemic respiratory fail- 
ure requiring NIV; however, since these patients are likely to have subsequent endo- 
tracheal intubation due to spontaneous NIV failure, bronchoscopy should only be 
performed by experienced clinicians [12]. Esquinas et al. recommended that bron- 
choscopy should be performed by an experienced bronchoscopist, guaranteeing a 
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precise, quick test. In cases where there is an inability to maintain oxygen saturation 
above 85% despite maintaining high FiO,, tracheal intubation is indicative if FB is 
being considered [13]. In a study of Antonelli et al., researchers evaluated the effi- 
cacy of NIV in patients with less severe forms of hypoxemia (i.e., PaO,/FiO, < 200) 
who were undergoing diagnostic FB [2]. They found that the use NIV that was 
delivered through a full-face mask during FB was superior to conventional oxygen 
supplementation in improving gas exchange with a better hemodynamic tolerance. 

A thin bronchoscope should be used for the successful performance of the pro- 
cedure. NIV is applicable to local anesthetics by fasting at least 2 h prior to interven- 
tion. The patients need at least 15—20 min to adapt to the NIV before performing 
FB. Oxygen saturation (SpO,) and electrocardiography should be monitored con- 
tinuously during the procedure. The bronchoscope should be well-lubricated before 
using the total full-face mask at a position that allows inserting the bronchoscope 
through the mouth or nose according to bronchoscopist’s experience. If the proce- 
dure is performed through the mouth, a mouthpiece is needed to be inserted to pre- 
vent the patient from biting down on the bronchoscope. NIV ventilator settings 
depend on clinical indications. In refractory hypoxemia or hypercarbia, initial inspi- 
ratory and expiratory positive airway pressures are considered while using a con- 
tinuous positive airway pressure (CPAP) 5 cmH,O or a bilevel positive airway 
pressure (BIPAP). Alternatively, a set with pressure support ventilation of 10 cm 
H,0 can be used [1, 8]. Expiratory positive airway pressure (EPAP) can be increased 
in 2 cm increments until SpO, is >90% by trying not to exceed limits that may cause 
patient intolerance or gastric distension in the presence of hypoxemia. Increasing 
inspiratory positive airway pressure (IPAP) is recommended to prevent or relieve 
hypercapnia when adjusting EPAP to prevent rebreathing (maximum 25 cmH,0). 
FiO, should be adjusted to 100% during bronchoscopy. If the patient can maintain 
92% SpO, after fiberoptic bronchoscopy, it should be reduced to the prebronchos- 
copy level. When using NIV for FB in a severely hypoxemic patient, positive pres- 
sure ventilation should be maintained for at least 30 min after the procedure. Then 
NIV should be discontinued if SpO, is 92% and there is no evidence of respiratory 
failure. If Helmet mask is used for patients with hypoxemia, Pinsp should be 
adjusted to 10-20 cmH,O and positive end-expiratory pressure (PEEP) to 
8-15 cmH,0. In contrast to other bronchoscopic techniques used for collecting 
samples for microbiological analysis in critically ill patients, bronchoaspiration, 
BAL, and protected brush samples are preferred in patients who undergo NIV [14]. 
Although the BAL technique differs between authors, sequential instillation and a 
retrieval of three to six aliquots of 30-50 mL physiological saline solution are rec- 
ommended mostly [1, 15, 16]. The use of FB under NIV is contraindicated in cases 
with severe acidosis (pH <7.20), high need for PEEP, unstable hemodynamics, 
severe arrhythmia, patient in need of high oxygen support, resulting in high aspira- 
tion risk or inability to protect the airway, psychomotor agitation, acute respiratory 
failure caused by status asthmaticus, presence of facial deformities, and recent oral, 
esophageal or gastric surgery [1, 17, 18]. 

In summary, the use of FB has increased in critical care and respiratory support 
therapies can be safely performed by experienced doctors. FB should only be 
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performed by bronchoscopists or pulmonologists who have undergone extra train- 
ing in this area. The safety of the patient and the team that will perform the proce- 
dure must be ensured. Special NIV modalities and settings will allow the FB 
procedure to be performed safely. 


Major Key Recommendations 

e The personal protective equipment of the team that will carry out the pro- 
cedure must be provided completely during performing FB under NIV in 
patients with high-risk infection. 

e All equipment required for the procedure should be prepared before the FB 
and requirements for emergencies must be available at any time during the 
procedure. 

e Patient’s vital signs must be measured and evaluated during the procedure 
and it is important to explore that there are no contraindications for NIV. 

e The patient should be followed closely after the procedure for a period of 
time and it is necessary to be careful against the progression of acute respi- 
ratory failure. 
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Introduction 


Noninvasive ventilation refers to the administration of mechanical ventilation with- 
out using an invasive artificial airway (endotracheal tube or tracheostomy tube). 
Role of noninvasive ventilation (NIV) in management of acute respiratory failure 
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has expanded over the spectrum of diseases that can be managed successfully. The 
most important advantage of NIV is to achieve similar effect as invasive mechanical 
ventilation but without its complications [1-3]. 

Over time and again NIV has shown many benefits and has risen standard of care 
for various conditions. Success and effectiveness of NIV have no secret formula and 
are dependent on choosing the right condition coupled with vigilance. 

Thanks to the accumulated body of scientific evidence, NPPV has become the 
first-choice ventilator technique in specific etiologies underlying ARF, such as aci- 
dotic hypercapnic chronic obstructive pulmonary disease (COPD) exacerbation, 
cardiogenic pulmonary edema, severe hypoxemia in immunosuppression condi- 
tions, and facilitation in transition from invasive mechanical ventilation (IMV) to 
spontaneous breathing in chronic hypercapnic patients [2, 4, 5]. 


Role of NIV in Nonhypercapnic Acute Respiratory Failure 
Cardiogenic Pulmonary Edema 


Cardiogenic pulmonary edema is one of the most common causes of ARF [6]. The 
use of NiV in these patients with ARF is one of the most studied applications over 
three decades and is established standard of care for this etiology of ARF. Its role is 
further strengthened in the pooled analysis of 2017 European Respiratory Society 
(ERS)/American Thoracic Society (ATS) clinical practice guidelines for NIV in 
ARF [7], as it leads to a reduced mortality as well as decreased need for endotra- 
cheal intubation in patients of ARF due to cardiogenic pulmonary edema. 


Immunocompromised Patients 


ERS/ATS clinical practice guidelines for NIV in ARF in pooled analysis shows 
benefits of NIV over standard medical care [7]. As use of NIV results in preventing 
VAP in immunocompetent patients, its application is suggested for ARF in immu- 
nocompromised patients. NIV reduces intubation rate which further leads to a 
decrease in hospital stay as well mortality. Reduced mortality is related to less epi- 
sodes of infections and sepsis which are responsible for majority of deaths in 
ICU [8, 9]. 


Postoperative Patients 


Postsurgery patients develop hypoxemia that can be attributed to effect of anesthe- 
sia, postoperative pain along with diaphragmatic dysfunction. These mechanisms 
are responsible for respiratory muscle impairment, lung volume reduction, and atel- 
ectasis, resulting in hypoxemia. 

Evidence shows that both CPAP and bilevel NPPV, if applied after evaluation of 
surgical complications, are safe and can reduce intubation rates, nosocomial 
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infections, length of stay, and morbidity and mortality after abdominal, thoracic, 
and cardiac surgery [7, 9, 10]. 


De Novo ARF 


De novo ARF is defined as hypoxemic respiratory failure which is seen in patients 
without chronic cardiopulmonary disease. Where majority experience pneumonia 
or acute respiratory distress syndrome (ARDS). Here NIV helps in offloading respi- 
ratory muscles, thus reduces work of breathing, and decreases sensation of dyspnea. 
But more often than not it turns out to be counterproductive as it fails to further 
delay the time to intubation and results in increase in mortality. In addition, it has 
been shown NIV delivers high tidal volume which is opposite of what is required in 
ARDS, i.e., low tidal volume resulting in self-inflicted lung injury (SILI). Though 
vigilant clinical team may offer a trial of NIV in selected, closely monitored ICU 
patients with mild ARDS so that they can be shifted to invasive mechanical ventila- 
tion promptly in case of lack of improvement [7, 11, 12]. 


Endoscopic Procedures 


Endoscopic procedures like upper gastrointestinal endoscopy, bronchoscopy, trans- 
esophageal echocardiography, etc. are often performed under sedation to improve 
patient compliance and comfort. Sedation can produce hypoxemia and/or hypercap- 
nia in patients with reduced pulmonary reserves. Periprocedural NIV has been used 
extensively as it prevents deterioration of gas exchange as well offload respiratory 
in fragile patients undergoing endoscopic procedures [7, 13-15]. Various RCTs 
have showed advantage of periprocedural NIV in preventing hypoxia when com- 
pared to oxygen or HFNC [16-18]. 


Thoracic Trauma 


Hypoxemic respiratory failure is one of the most important complications of thoracic 
trauma. There is ample evidence which shows NIV has positive effect as compared to 
supplemental oxygen and IMV [19, 20] leading to decreased intubations, decreases 
cases of nosocomial pneumonias, thus reduced ICU stay and mortality [7, 21]. 


Pandemic Viral Illness 


Data from various studies (mainly on influenza A H1N1 infection) are variable. In 
one of the studies almost all the patients needed intubation as they had a high rate of 
NIV failure. Furthermore, a Chinese case-control study identified SARS patients 
requiring NIV as independent risk factors for spreading nosocomial outbreaks of 
the pandemic [22, 23]. 
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In pandemic of COVID19 which broke the back of even best of healthcare sys- 
tems, all modes of ventilations were used [24, 25]. As earlier pandemics using NIV 
as a means of respiratory support for viral pneumonia showed variable results [22]. 
There were various concerns with its use, first and foremost being aerosol genera- 
tion. It is recommended to be used either in a single room or a negative-pressure 
ward, or a ward dedicated to the treatment of confirmed cases. In addition, health- 
care workers should wear full personal protection equipment and take utmost pre- 
cautions [26]. Another concern was choice of interface for NIV [26, 27], it has been 
suggested that helmet NIV should be the first choice followed by full-face mask. It 
was seen continuous positive airway pressure (CPAP) with the helmet provides 
valid pulmonary support, and was better tolerated in addition reduced room con- 
tamination rate [28]. 

When helmet NIV cannot be used or not available, mask combined with a 
double circuit with an expiratory valve is recommended. If face mask with a sin- 
gle circuit is to be used, a circuit equipped with an integrated exhalation port is 
recommended instead of vented masks. It is pertinent to use antimicrobial and 
antiviral at expiratory limb to prevent contamination into the surrounding envi- 
ronment [26, 29]. 

It is recommended to be vigilant when NIV is used in severe cases. After trial of 
1-2 h, if their condition not improves, or worsens, then invasive ventilation should 
be considered. Various guidelines suggested that those with worsening respiratory 
status, shock, multiorgan failure, or abnormal mental status should not receive NIV 
in place of other options, such as invasive ventilation or early endotracheal intuba- 
tion [26, 30-33]. 


Role of NIV in Hypercapnic Acute Respiratory Failure 
COPD Exacerbation 


COPD is chronic respiratory disease characterized by airflow limitation leading to 
dyspnea, cough, and sputum production. Here rationale of use of NIV is to improve 
pulmonary gas exchange by supporting alveolar ventilation, improving V’/Q’ mis- 
match, and unloading respiratory muscles [34]. There is strong recommendation for 
use of NIV in acute COPD exacerbations in cases of mild and moderate ARF where 
pH is 7.25-7.35 and PaCO, is >45 mmHg, despite standard medical therapy [7]. It 
has shown to reduce need for ETI, length of hospital stay, and mortality [7, 34]. 
While for severe cases, trial of NIV can be given but it is pertinent to be vigilant and 
worsening signs should be monitored. 


Asthma Exacerbation 


Asthma is an obstructive airway disease characterized by reversible airway obstruc- 
tion. During an asthma exacerbation, use of NIV along with pharmacological therapy 


Summary of Effectiveness of NIV in the Treatment of Acute Respiratory Failure 365 


is supposed to reduce respiratory muscle work, thus improve ventilation and avoid 
intubation. Although the mechanisms that lead to hypercapnia are very similar to 
COPD exacerbations, these patients experience variable processes, from the heterog- 
enous obstruction along the airways to the dynamic hyperinflation which responds not 
as good as COPD to external positive end-expiratory pressure (PEEP) [34-37]. An 
asthma exacerbation when severe progresses to a severe impairment of gas exchange 
and profound respiratory acidosis and life-threatening complications (hypotension, 
arrhythmias, and decreased level of consciousness), making intubation the most logi- 
cal step. Due to acute nature of these exacerbations, there is very limited scope for a 
safe NIV trial, as in an exhausted patient it is more likely to fail [35]. Therefore, there 
is limited data in support of NIV for acute asthma, and its role remains [7, 37]. 


Bronchiectasis 


NIV has been shown to unload the respiratory muscles and improve the alveolar 
ventilation in patients with cystic fibrosis (CF), both in the stable phase and during 
exacerbations [38]. In addition, NIV is used as a support during chest physiotherapy 
as well as in patients with chronic hypercapnia. NIV too can be considered for the 
palliation of dyspnea in the terminal phase of the disease [39]. 

Although the data on the use of NPPV in CF are consistent, there is growing 
evidence on role of NIV in non-CF bronchiectasis; it should be used only in selected 
patients with ARF associated with bronchiectasis after a careful evaluation. As like 
COPD exacerbations, careful monitoring is key to the outcome. Patients who have 
higher APACHE, hemodynamically unstable or in altered sensorium are the one 
who are likely to fail the trial of NIV [40-42]. 


Neuromuscular Diseases 


Neuromuscular disorders are a heterogeneous group of diseases characterized by 
muscular impairment, including weakness of respiratory muscles, which may lead 
to respiratory failure. Respiratory muscle impairment results in alveolar hypoventi- 
lation and subsequently hypercapnia. This, together with the reduced expiratory 
strength and the ineffective clearance of the airways, results in microatelectasis and 
V’/Q’ mismatch [43, 44]. 

NIV is support of choice along with secretion clearance techniques in patients of 
chronic diseases like Duchenne muscular dystrophy or in cases acute onset of neu- 
romuscular weakness, such as myasthenia gravis or Guillain-Barré syndrome [44]. 
These latter conditions are rapidly progressive and usually present with ARF, often 
requiring immediate intubation. Despite a strong rationale in favor of the use of NIV 
to treat acute and chronic respiratory failure in set of patients with preserved bulbar 
function, there is dearth of evidence with only a few RCTs which compared the 
effectiveness of NIV plus standard therapy with therapy in terms of avoiding inva- 
sive ventilation and mortality [45-47]. 
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Conclusion 


NIV is very important weapon in armamentarium of intensivist. Its role is estab- 
lished in acute hypercapnic respiratory failure as well as cardiogenic pulmonary 
edema and pneumonia in immunocompromised. Role of NIV is yet to be estab- 
lished in nonhypercapnic respiratory failure. It has been tried in variety of condi- 
tions with near convincing results. There are various aspects which determine 
success of NIV, most important of them are constant monitoring while patient 
is on NIV. 
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E.D. Emergency department 
E.R. Emergency room 
EMS Emergency medical service systems 


EVD Ebola virus disease 
NEWS _ National early warning score 


PPE Personal protective equipment 
qSOFA Rapid assessment of sepsis-related organ failure 
SIRS Systemic inflammatory response syndrome 


SOP Standard operating procedures 


Possible Agents 


More than 1400 identified human pathogens and more than 60% are of zoonotic ori- 
gin, infecting humans through an animal reservoir. These diseases involve ubiquitous 
viruses like influenza, less common but deadly illnesses like rabies, and neglected 
parasites such as echinococcosis and cysticercosis. The subset of bacterial zoonoses is 
similarly mixed with general pathogens in industrialized settings (i.e., Salmonella and 
Bartonella henselae) living beside diseases of poverty in the tropics like melioidosis 
(Burkholderia pseudomallei) and leptospirosis [1]. With complete knowledge of 
Koch’s postulates and the germ theory of disease, they created biowarfare programs 
that started on a small scale during the First World War. However, they increased dra- 
matically when the interwar years and into the Second World War. The Japanese 
imperial government is comprehended to have delivered pathogens directly across 
regions of China. At the same time, Nazi Germany performed human experimentation 
into biowarfare but did not appear to have utilized them in combat [2]. Epidemics of 
the influenza pandemic of 2009 and 2014 Ebola virus disease (EVD) have had a 
global impact and have revealed gaps in triage systems and health monitoring in coun- 
tries with a low and high resource. Other high-profile events are attacks with biologi- 
cal and chemical agents such as the sarin nerve gas attack in Tokyo in 1995, the 
anthrax attacks of 2001 in the United States, and the continued use of chemical protec- 
tion in conflicts in the Middle East [3]. The CDC classifies biological agents into three 
classes: A, B, and C, where the Category A agents are also worrisome as they can be 
propagated quickly and are highly lethal. The most dangerous of these potential bio- 
logical agents can be disseminated by aerosols and persist in the atmosphere [4]. 


Public Health Emergency Preparedness and Response 
to the Bioterrorist Attack 


In the event of bioterrorist attacks, the most crucial step is the identification of the 
event. The cause of a disease or even the occurrence of something unusual may be 
complicated to determine, especially if the initial cases are few. The public health 
approach to bioterrorism should begin with developing plans at the local and state 
level. The laboratory identified makes the standard operating procedures (SOP) for 
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the laboratory tests, and the same is sent to all hospital laboratories and district hos- 
pitals for implementation [5]. The hospitals provide isolation, quarantine, waste 
disposal and the appropriate personal protective measures. All contaminated cloth- 
ing and equipment are disposed of by incineration treatment. A currency impact 
assessment teams the impact of attacks on humans, animals, and plants [5]. 


Prehospital Response, Triage, and Transport 


In healthcare systems with prehospital emergency medical service systems (EMS) 
consolidated, caregivers EMS and other emergency services are essential for the 
sick patients seeking care. During a pandemic or a wave of patients who require 
rationing of EMS response, further consideration is to implement minimum criteria 
for the resuscitation of patients in cardiac arrest as possible to the initial call to the 
dispatcher or other inclusion-exclusion criteria for care and transportation [6]. For 
fair rationing, it is necessary an algorithm decided locally, well communicated to 
the public, and followed without exception by the EMS system and health facilities. 
In biological or chemical terrorist attacks, the prehospital medical emergency sys- 
tems may respond differently if it is a blatant attack or hidden. It has developed a set 
of algorithms for military and civilian sources to evaluate patients from an attack 
with agents known or unknown. The triage and initial treatment are based on symp- 
toms without a definitive diagnosis. They stress the importance of isolation and 
decontamination to prevent further spread or exposure to patients and rescuers dur- 
ing patients’ transportation to the definitive treatment. 


Hospital Response 


The allocation and efficient use of staff resources are critical issues facing all admin- 
istrations in an emergency. In particular, the problem of providing adequate staff 
resources in an emergency room throughout a widespread bioterrorist attack, such 
as the intentional release of smallpox virus, it would be hard. The availability of 
adequate staff to treat many patients in the E.R. is critical and potentially limiting in 
planning the public health response to a bioterrorist attack. In the first phase, the 
model tested the hypothesis that the higher the level of bioterrorism, the greater the 
time each patient spends in the system, and the greater the use of resources 
E.R. Typically more than first-aid resources, including doctors are needed, nurses, 
beds, and technicians to process high volumes of patients. 


Arrival Process 


Typically, a patient starts the E.R. through one of three ways: walk-in, ambu- 
lance, or helicopter. The term walk-in patient is utilized to report any patient 
who arrives at the emergency room utilizing any vehicle other than an ambu- 
lance, rescue vehicle, police car, or helicopter. Once in the E.R., walk-in patients 
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must reach the registration window, briefly address their concerns to the triage 
nurse, and suddenly wait in the lobby for the next available triage room. The 
method of patients arriving by ambulance is identical to that of patients arriving 
by helicopter. After unloading the patients from the vehicle or helicopter, the 
patients are transferred to the reception room. Although the hospital cannot pro- 
vide an exact timetable of arrival data between two consecutive patients, it pro- 
vided data for the average number of patients arriving in the emergency room 
during the day or the week. Therefore, these arrival processes are modeled as 
time-dependent [7]. 


Triage Process 


Effective triage systems that guard victims and staff need a well-functioning health 
system with combined referral and communication pathways among community/ 
prehospital, outpatient, emergency room, and hospital facilities. As described above, 
patients arriving by ambulance and helicopter are immediately sent to the admission 
room without going through the triage process. Only walk-in patients need to go 
through the triage process and room assignment. Triage nurses measure and record 
patients’ body temperature, blood pressure, oxygen saturation, and other necessary 
measurements. So, the triage nurses take the patients’ personal information, per- 
form a preliminary check, and create a file for this specific visit. To ensure that 
patients with the most dangerous conditions for life or pain receive immediate atten- 
tion, the triage nurses assess patients’ conditions and assign patients to different 
pods according to their level of disease. Eventually, with the assistance of a triage 
room technician, patients are placed on a bed and transferred to the pod assigned. 
After the United States’ attack with anthrax spores in letters in 2001, it showed the 
need to detect and decontaminate critical structures. During the last 10 years, there 
were significant advances in detection, protection, and decontamination of biologi- 
cal warfare agents since they were developed and implemented various sophisti- 
cated detection and decontamination methods. Many people can be affected quickly 
in case of an attack, and great chaos may occur in the healthcare system. In order to 
avoid the logistical problems and the lack of medicines and resources, the US 
Centers for Disease Control (CDC) encourage health professionals to become 
familiar with warfare agents and, in association with government organizations, 
have implemented a “Bioterrorism Preparedness and Response Program” to detect 
and respond appropriately to a potential bioterrorist attack, immediately [8]. 
However, the symptoms and signs following exposure to warfare agents are often 
nonspecific and can easily be mistaken for common illnesses observed every day in 
emergency departments. There is a strong relationship between identifying a poten- 
tial bioterrorism event and maintaining a healthy index of suspicion. Rapid and 
accurate technologies need to be developed and they need to confirm the presence 
of these agents unambiguously in different ways. Identification of a biotreated agent 
at low concentrations is essential. It should also have the ability to be detected in 
various arrays. 
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Isolation Practices for Infection Control 


When using isolation precautions, you need to consider three levels of control. The 
first level of control is the administrative controls, which are measures taken to 
ensure that the entire system functions effectively. These controls include imple- 
menting appropriate procedures for triage of patients, early detection of infections, 
separation of infectious patients from others, transport of patients, patient education 
and staff, a designation of responsibilities in clear and correct communication with 
all interested partners. The second level is “environmental and engineering con- 
trols,” including cleaning the environment and the spatial separation of the spaces 
and ventilation. The third level of control to further reduce transmission risk is per- 
sonal protection, which provides personal protective equipment (PPE) appropriate 
(e.g., Masks, respirators). When setting up a hospital isolation system, all control 
levels (administrative controls, environmental and engineering controls, and per- 
sonal protection) must receive proper attention to work effectively and ensure that 
the different layers support each other [9]. 


Isolation Practices for Airborne Infections 


The transmission occurs for air via the dissemination of droplet nuclei over a long 
distance by infectious patients. In order for pathogens may be disseminated through 
the cores of the droplets, it is necessary to meet individual requirements, including: 


e Existence of a vital pathogen agent within the droplet to the source 

¢ Survival of the pathogen within the droplet after being expelled from the source 
and preservation of its ability to infect after exposure to physical stress (evapora- 
tion, light, temperature, relative humidity, etc.) 

e Achieve an infectious dose sufficient to cause infection in a susceptible host 

e Exposure of a susceptible host 


The infectious agents that can be dispersed over long distances by air currents 
and infect other susceptible individuals include Mycobacterium tuberculosis, 
viruses, rubeola (measles), and varicella-zoster virus (chickenpox). Preventing the 
spread of airborne infections involves performing airborne precautions, which 
require three controls: administrative controls, environmental, and engineering con- 
trols—patient room with excellent air-handling and ventilation; and DPI: the use of 
particulate respirators by healthcare professionals when possible. Patients who 
require isolation precautions by air must be placed in precautionary room air. An 
airborne precaution room is a room with>12 air changes per hour (ACH) (e.g., 
Equivalent to>80 I/s for a room 4 x 2 x 3 m*) and controlled direction of airflow, and 
it can be used to contain air infections. A ventilated room is mechanically equivalent 
to the infection transmitted from the isolation room described by the US Centers for 
the control and prevention of diseases, which should have unique features in the 
treatment of the air and the direction of the airflow, including a negative pressure 
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differential of >2.5 Pa (0.01 inches of water evaluate); a differential airflow >125 cfm 
(56 I/s) discharge from the power supply; airflow from the clean to dirty; sealing of 
the room, which allows a loss of about 0.5 square feet (0.046 m’); >12 ACH for a 
new building and >6 ACH for existing buildings (e.g., Equivalent to 40 I/s for a 
room 4 x 2 x 3 m) for an old building; and exhaust to the outside, or a HEPA filter 
if the room air is recirculated. Natural ventilation can be used in airborne security 
rooms [10]. 

Many emergency departments (E.D.) use standardized and validated triage tools 
in order to prioritize patients who are most sick on presentation. These and other 
similar tools use easily observable physical examination signs, with or without vital 
signs measured and rapid diagnostic tests like a glucose measurement from a finger- 
tip to quickly identify patients who require immediate evaluation and treatment. 
Also, specific tools and triage scores as the criteria of the systemic inflammatory 
response syndrome (SIRS), rapid assessment of sepsis-related organ failure 
(qSOFA), and the national early warning score (NEWS) are instruments that have 
been used in the E.D. to identify patients who have an infection leading to sepsis or 
septic shock. There is also a role for critical care triage for patients who need hospi- 
talization in general or specialized wards such as intensive care or isolation units. 
The American College of Chest Physicians issued an agreement report on tertiary 
triage for critically ill and damaged pandemics and disasters in 2014. They recom- 
mended that critical care and acute care physicians are assigned as triage officers or 
in units of triage. They emphasized the role of tools to support clinical decisions 
agreed at the level of health and regional structure. In the case of pandemics and 
disasters that cause a severe shortage of resources, the triage team may need to be 
considered to exclude patients from intensive care units that have provided higher 
mortality to 90% but allow a revaluation and an appeal mechanism [11]. Identifying 
patients requiring intensive care should be accompanied by streamlining and 
increased hospital resources available to treat the influx of patients. This was char- 
acterized as increased capacity and is an essential element in the preparation of 
disasters and epidemics and described further in bioterrorism, another mechanism 
for increasing resources between hospitals in the regional coordination of care cen- 
ters. E.D. initial triage incorporates early classification of patients for isolation and 
decontamination. At the origin of the outbreak of severe acute respiratory syndrome 
(SARS) in 2003, E.D. initial triage involves identifying patients for separation and 
decontamination. At the start of the outbreak of severe acute respiratory syndrome 
(SARS) in 2003, a E.D. in Singapore triggered the decontamination area outside 
their entrance area as a screening and consultation of at-risk patients identified by 
the triage nurse immediately upon arrival and registration. Similarly, during the 
2009 flu pandemic in the United States, a mobile response team to pediatric emer- 
gencies was in the outdoor room to evaluate the low acuity patients with flu-like 
symptoms. The logic of both of these answers was to prevent disease transmission 
and absorb an increased volume of patients with minimal impact on the care of other 
E.D. patients. The E.D. has also been used as a place for continued treatment in 
cases that require prolonged isolation pending the confirmation of a diagnosis. 
During the outbreak of EVD in 2014, a reference hospital in the United States has 
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developed a mobile unit containing staffed EMS adjacent to E.D. as an extended 
treatment area for patients under investigation for EVD. Moreover, integrating the 
unit with the reference system EMS, the arrival and initial evaluation of patients 
were more reserved and slender. The resource-intensive units also disposed of a 
dedicated laboratory, radiology, and portable equipment to decontaminate person- 
nel. In the event of a bioterrorist attack, E.D. needs will depend on the extent of 
exposure and the agent used. Bioterror attacks can be hidden or announced. The 
discovery of a covert attack can be restricted depending on the incubation period, 
access to a health facility, and the attack location. Triage systems should alert pro- 
viders to unusual disease patterns, such as geographic clusters, an extraordinary 
number of deaths or critically ill cases, or a sudden development in a specific syn- 
dromic presentation. Once a bioterrorist attack is presumed, local and national 
authorities should be notified, and an emergency preparedness plan should be initi- 
ated. Additional triage after initial entry into the E.D. may be implemented to strat- 
ify treatments for patients with similar symptoms and formalize hospitalization 
criteria. These triage systems can prioritize available resources equitably based on 
patient needs and not solely rely on clinical judgment [11]. 


Infection Control for High-Risk Procedures 


Airborne precautions were advised after the severe acute respiratory syndrome 
(SARS) epidemic for patients infected with open pulmonary tuberculosis, measles, 
smallpox, and chickenpox. However, people also noticed that there were situations 
in which other, nonairborne pathogens could be transmitted through droplet nuclei 
when patients had specific healthcare procedures [12]. 

Presently, there is no clear definition or a precise list of high-risk healthcare 
procedures during which some pathogens (e.g., SARS-Coronavirus, influenza) 
can be spread through droplet nuclei over short distances. This transmission 
mechanism is described as an opportunistic airborne transmission, and high-risk 
procedures may increase the potential of generating droplet nuclei because of the 
mechanical force of the procedure. Some of these procedures have been associ- 
ated with a significant increase in disease transmission risk and have been termed 
aerosol-generating procedures associated with pathogen transmission. These 
procedures include intubation, cardiopulmonary resuscitation, bronchoscopy, 
autopsy, and surgery, where high-speed devices are used. As in all areas of infec- 
tion control, administrative controls, environmental and engineering controls, 
and PPE use should play a part in controlling the spread of infections during 
high-risk procedures. For administrative control, it is critically important to limit 
these procedures to those patients who need them. Adequate staff training and 
the provision of safety equipment may also be necessary for reducing the risk. 
The proper use of PPE, including particulate respirators, eye protection, gowns, 
and gloves, will also provide additional protection to healthcare workers. Finally, 
performing such procedures in a well-ventilated location, away from other 
patients and healthcare workers, may help prevent the spread of infection. 
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Although no studies have evaluated the impact of ventilation on reducing the risk 
of infectious droplet nuclei during aerosol-generating procedures, it would be 
best to perform these procedures in an adequately ventilated room, particularly 
for patients infected with known life-threatening pathogens (e.g., SARS, avian 
influenza). However, it might be challenging to implement the measures stated 
above, especially during an emergency (e.g., resuscitating a collapsed patient in 
an outpatient department). Consequently, it is crucial to have emergency plans 
for such scenarios and have an emergency department that is appropriately 
equipped and well ventilated. Patients could then be moved rapidly to a safe 
location with adequate ventilation already identified for such purposes. Crowd 
control is also essential to keep patients separate from other people. Healthcare 
workers should wear appropriate PPE before starting the high-risk procedure. 


Staff Availability 


The availability of sufficient medical and paramedical personnel trained and 
experienced in critical patients’ care is the main factor that may or may not limit 
the ability to respond to a disaster. Therefore, during the epidemiological alert, 
vacations, ICU staff permits, changes in the nursing/patient relationship, and 
doctor/patient changes should be suspended, with mandatory extra hours. 
Personnel with previous ICU experience, assigned to other services, can be reas- 
signed to critical services during the alert. Besides, this person can be used in the 
care of critical patients in areas outside the ICU. Also, under no circumstances 
should attention be overlooked to health personnel working in the ICU to prevent 
personnel contagion through vaccination, protective equipment, and hygiene 
measures. Psychological care and the staff’s needs, which for obvious reasons 
are prone to contagion and work fatigue, which will lead to inefficient work or 
work suspensions due to illness or, in the worse scenario, the hospitalization of 
health personnel. 


Supplies and Equipment 


The storage of medications, such as antivirals, is essential as a response strategy. 
Likewise, medications considered routine must have a significant amount for the 
response. The capacity to expand the ICU can be correctly anticipated, through 
prior planning and agreements with suppliers of supplies and equipment, for the 
immediate acquisition of the same for expansion. It is vital to take into account 
the supplies used for the protection of personnel, such as masks, gowns, diving 
suits, and hygiene materials, according to the cleaning protocol, which will be 
different depending on the level of infection that the epidemic in question may 
have, from infections such as diarrhea and even highly contagious infections 
like Ebola. 
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Availability of Spaces 


In most countries, ICU bed occupancy is close to 100%, even without the pandemic. 
This easily converts into infectious diseases’ disaster to an increase in infectious 
disease that requires attention in the ICU due to the clinical picture’s hardware. 
Therefore, the creation of additional spaces, through the opening of previously 
closed spaces and conversion of other spaces in the ICU, such as intermediate care, 
anesthesia recovery rooms, coronary care units, areas of temporary emergency 
patient management, and even general care rooms, for which the response plan of 
each hospital must consider the mechanisms to convert these spaces into ICU 
spaces, taking into account the personnel who will attend those spaces and the nec- 
essary supplies [13]. Without neglecting attention to the rest of the patients already 
requiring ICUs for other types of diseases, these patients’ separation occurs ideally. 


Infection Control 


The measures directed to the effective control of the infection are vital for preparing 
and handling the pandemic. The prevention of infections to health personnel and 
nosocomial infections to other hospitalized patients is of crucial importance, includ- 
ing the isolation of the first cases and the infection prevention measures, such as the 
use of gloves, gowns, caps, N95 masks, and face shield, according to the level of 
universal measures according to the bioinfectivity of the pandemic in question. The 
protection protocol must be individualized, and the disinfection of the equipment 
used with patients, beds, and all supplies. 


Laboratory Capacity 


The laboratory’s ability to develop and apply validated rapid diagnostic tests, such 
as PCR, represents a positive impact on the pandemic’s control, as it happened in 
the HIN1 pandemic of 2009. However, in critically ill patients, this type of tests has 
less sensitivity. The laboratory’s response capacity is easily overcome due to the 
number of suspected cases that meet the case’s definition; therefore, the team of 
management systems should plan with the suppliers of the diagnostic tests for a 
rapid response to the increase in demand in case of disaster. 


Decontamination Unit 


The decontamination unit is intended to remove any gross contamination from the 
garments and patients’ body or expose first responders to an aerosol agent, liquid or 
reliably, before further contact with other patients or medical staff. Ideally, a unit 
should be placed near the reception of the hospital and have access to running water, 
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soap, and clean linen. Patients who present with suspected exposure should be 
quickly evaluated for emerging interventions (e.g., respiratory failure or impending 
heart seizures) and then directed to the decontamination unit to remove all clothing. 
Patients should also remove contact lenses. Some exposures also require cutting off 
the hair that would otherwise be disrobing; patients should dress in clean linens and 
accessing the rest of the healthcare department [14]. 


Personal Protection 


The general standard precautions should be applied for personal security in all 
events during the triage of possible highly infectious diseases. This covers hand 
washing and personal emergency equipment (PPE). PPE will vary depending on the 
exposure. When is a connection with blood or bodily fluids, wear gloves and a gown. 


Inhalation 


After you have washed from head to foot with soap and clean water before includ- 
ing a mask and eye protection such as goggles, for aerosol sources, it is necessary 
also to wear a respirator as an N95 or a hood. For the initial triage of respiratory 
diseases or CNS most highly infectious suspicious, you need to take every precau- 
tion. Except for the plague, anthrax, and smallpox, most of the biological agents 
used in a terrorist attack cannot be transmitted from person to person and do not 
require separate specialized DPI normal standard precautions. 

Practices effective triage at all health system levels are essential in managing 
highly infectious diseases and response to bioterrorism. Strong emergency triage 
systems demand well-trained health workers, infrastructure and adequate facilities 
for isolation, decontamination, treatment, and clear communication and reference 
paths. The early identification and management of suspected cases may improve 
patient outcomes and protect healthcare workers. Terrorism poses significant chal- 
lenges to security in the twenty-first century. Biological terrorism means the spread 
of germs that can cause deadly diseases. The threat posed by microorganisms and 
biological agents released deliberately plays a crucial role. Fortunately, recently, 
there were no significant losses as a result of bioterrorism. However, the anthrax 
attacks illustrate how biological weapons’ proliferation is a threat to international 
and national security. Since the attack with anthrax is a possible threat to society, it 
has come to attention after September 11. Wherever biological weapons have been 
used in history, they have spread fear and terror. You need an interdisciplinary 
research collaboration as “the development of specialized techniques discovered in 
bioterrorism and research sources on safety.” After a terrorist attack, there were long 
discussions on US preparedness against bioterrorism. The United States has short- 
ages in its preparation strategies for bioterrorism before anthrax mailings. The bio- 
terrorism incident has warned the United States; thus, US established local, state, 
and federal government agencies to respond to bioterrorism. Numerous lessons 
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were learned concerning federal, state, local, and nongovernmental agencies’ func- 
tions and tasks in responding to a large-scale disaster [15]. 


Conclusion 


Bioterrorism remains a legitimate threat from both national and international terror- 
ist groups. Bioterrorism remains a legitimate threat on the part of national and inter- 
national terrorist groups. For public health, are vital, timely surveillance, awareness 
of the syndromes caused by bioterrorism, the ability to epidemiological investiga- 
tion, laboratory diagnostics, and the ability to quickly communicate critical infor- 
mation the need to know to manage communication publishes through the media. It 
is essential to ensure a supply of medicines, laboratory reagents, vaccines, and anti- 
toxins. Formulate and practice SOP/exercises at all levels of health care will con- 
tribute significantly to minimizing mortality and morbidity in the case of a 
bioterrorist attack. Emergency departments must be built to be suitable for possible 
chaos and overcrowding that can occur when a real event occurs. Terrorism and 
emergency response have changed dramatically in recent years. The increased use 
of methods that produce large numbers of victims has put hospitals and health care 
at a disadvantage. E.D. staff members deal with daily bumps and bruises caused by 
daily life. With an increasing number of natural and human-made disasters, the need 
to be prepared at all levels of management is evident. Among caregivers who 
respond to these emergencies, doctors are of particular importance for their signifi- 
cant role as leaders and professionals in the forefront to minimize the morbidity and 
mortality of the affected population. The training of doctors on disaster manage- 
ment and the principles of disaster medicine are needed to focus on the specificity 
of the response to the rescue to emergencies resulting from the disaster and about 
the medical and nonmedical response, emphasizing a management approach that 
covers all hazards. An appropriate response to disasters is a complex process that 
begins with risk assessment followed by risk management planning to prevent a 
threat. Being a significant player in response and disaster management, physicians 
should be involved in risk assessment, planning, and training opportunities to work 
before a disaster, responding during a disaster, and helping mitigate risks during 
reconstruction. Rescue operations during a disaster are complicated and dangerous. 
Therefore, these rescue operations cannot be based solely on rigid procedures. All 
actions and their management must be flexible to allow a rapid response to the 
changing situation. Only multiagency actions properly planned and implemented 
can have real and measurable effects on emergency management. To prepare physi- 
cians for future disasters, it is mandatory to improve their educational opportunities 
in medicine and training to disasters. Decision-makers should supervise the respon- 
sibility for the doctors’ preparation at the local and national level. The development 
of a standardized and approved educational program is an essential step to prepare 
the doctors and all healthcare staff in an adequate response to disasters. Training of 
physicians in disaster management and principles of disaster medicine are needed 
by focusing on the specificity of rescue response to emergencies following disasters 
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and medical and nonmedical aspects of the response, emphasizing a management 
approach covering all hazards. From a health perspective, a disaster is an event in 
which the number of people affected and medical problems exceed the existing 
health system’s capabilities. The main objective of medical rescue operations dur- 
ing disasters is to save the health and lives of people in conditions that differ from 
routine medical care through proper medical planning, organization, logistics, and 
provision, as well as rescue tactics, triage, and treatment during a disaster, accord- 
ing to the principle of “what is best for as many victims as possible, at the right time 
and in the right place.” Many doctors are now required to obtain more specialist 
education and training in disaster medicine to be authorized to assist in the event of 
a disaster. This requirement stems from medical, ethical, and legal dilemmas related 
to health doctors in times of limited resources and from extraordinary threats that 
occur due to a disaster, such as the pandemic COVID-19. 

Appropriate disaster acknowledgment is a complicated method that begins with 
risk evaluation, followed by risk management preparation to prevent a threat. As a 
significant player in disaster response and management, clinicians should be 
involved in risk assessment, planning, and training opportunities to work before a 
disaster occurs, respond during a disaster, and help mitigate risks during the period 
of reconstruction. Disaster support operations are complex and critical. Accordingly, 
such rescue operations cannot be based individually on strict procedures. All actions 
and their control must be flexible to allow a rapid reply to the changing circum- 
stances. Only multiagency actions adequately planned and implemented coordi- 
nates can have real and measurable effects on emergency management. 


Key Points 

1. Bioterrorism includes a large spectrum of concerns, from catastrophic ter- 
rorism with mass fatalities to microevents using low technology but pro- 
viding civil unrest, disruption, disease, disabilities, and death. 

2. Airborne transmission is described as an opportunistic transmission mech- 
anism, and high-risk procedures may increase the potential of generating 
droplet nuclei because of the mechanical force of the procedure. 

3. The protection protocol must be individualized, and the disinfection of the 
equipment used with patients, beds, and all supplies. 

4. The general standard precautions should be applied for personal security 
in all events during the triage of possible highly infectious diseases. 

5. Many emergency departments (E.D.) use standardized and validated triage 
tools in order to prioritize patients who are most sick on presentation. 
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Noninvasive ventilation (NIV) is a safe, versatile, and effective technique; it is the 
primary therapeutic option for home mechanical ventilation of chronic obstructive 
pulmonary disease (COBD) patients with chronic respiratory failure. The aim of the 
ventilation therapy is to normalize PaCO,; this may require sufficiently high- 
ventilation intensity with effective ventilation pressures as well as the use of con- 
trolled ventilation modes. More study demonstrated an association between short 
NIV intervals and improved physical performance, more economical breathing, bet- 
ter lung function, and improved tissue oxygenation. 

The presence of a bronchopneumonia outbreak is a relatively frequent event in 
immuno-compromised patients (i.e. AIDS, chemotherapy, post-solid organ trans- 
plant, post-bone marrow transplant) which, when associated with acute respiratory 
failure, often leads to death. The data obtained in this population with immuno- 
compromised status suggest that NIV should be used early to prevent intubation 
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rather than as an alternative to it in immuno-compromised patients with acute respi- 
ratory failure [1]. The literature reports a mortality of over 90% when these patients 
are intubated and then ventilated invasive. 

In order to reduce endotracheal intubation (ETI) and its associated complica- 
tions, NIV was commonly employed in the SARS outbreak in China, including 
Hong Kong. The use of NIV has become part of the standard treatment protocol for 
SARS. NIV does not demonstrate absolute benefit among non-COPD patients with 
acute hypoxemic respiratory failure or acute respiratory distress syndrome (ARDS), 
e.g. in SARS patients. It is well known that ETI is associated with higher risk of 
disease transmission and associated complications. The use of NIV as initial venti- 
lator support for respiratory failure in the presence of SARS appears to be a reason- 
able option, albeit under strict infection control measures [2]. NIV use in the 
management of acute respiratory failure in pulmonary infections, especially in pan- 
demics, can avert reverse respiratory failure and, therefore, decrease the rate of intu- 
bation in selected groups of contagious patients. NIV is not recommended in severe 
pHIN1 infections, severe respiratory failure with ARDS, in pneumonia and tuber- 
culosis. During pandemic influenza A HIN1 about 10-30% of hospitalized patients 
required admission to the intensive care unit (ICU). Based on the guidelines from 
the European Respiratory Society, NIV is not be used as first line therapy in pHIN1 
for poor clinical efficacy and for aerosol droplet particle dispersion and spread 
infection. 

In infectious disease like to TB, NIV should be considered as a high-risk proce- 
dure. It remains an option for ventilator support in both acute and chronic respira- 
tory failure secondary to pulmonary TB. The medical literature offers very few 
published reports concerning the use of NIV in contagious TB patients. Nasal mask 
was the most frequently used interface for delivery of NIV. 

During coughing and sneezing, particles of mucus and droplets can be expelled 
to a distance of up to 9 m. 

In pneumonia caused by Covid-19, respiratory support is the most important 
support to reduce respiratory symptoms and improve prognosis. This support 
includes various conventional oxygen therapies, such as noninvasive positive pres- 
sure ventilation (NPPV), and high-flow nasal cannula (HFNC), which are most 
commonly used [3]. 

HFNC is a new form of noninvasive respiratory support that can be adjusted to a 
maximum gas flow of 60 to 80 L/min and FiO, of 0.21 to 1.0. No clinical data exist 
regarding the use of HFNC for SARS and MERS; for Covid-19 we have reported a 
clinical experience which proves that high-flow nasal cannula oxygen therapy may 
be considered not only for hospitalized patients but also for at home treatment of 
Covid-19 with moderate lung failure [4]. 

Various established risk factors for developing varicella pneumonia include his- 
tory of contact with a patient having chickenpox, previous or current smokers, 
chronic lung diseases, impaired immune status, severity of the skin rash, and third 
trimester of pregnancy. The estimated mortality for varicella pneumonia varies 
between 10% and 33%. The mortality approaches 50% in patients requiring 
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mechanical ventilation. So it remains very interesting to investigate the use of the 
NIV in this setting of patients. 

There are many airborne diseases presenting a pulmonary complication and it 
will be very interesting in the future to evaluate the effectiveness of NIV in such 
infections and transmission in workers. 

In PubMed, only a few reports have been published to date on infectious disease 
transmission among healthcare workers who manage patients receiving NIV ther- 
apy. It is still unclear whether NPPV increases the risk of aerosol diffusion and 
disease transmission, especially with respect to transmission to medical person. 
Practical precautions and protocols to protect healthcare workers during NIV use in 
high-risk pulmonary infections are necessary. The international NIV network rec- 
ommends further research conducted in this area to determine that NIV protocols 
are effective in reducing infectious particle dispersion and spread of disease 
to others. 

The experience conducted with the Covid-19 pandemic has, however, opened 
our minds and practice to a new great knowledge and experience in the use of the 
NIV that can be evaluated in the future also on other types of infectious diseases that 
can affect the lung directly or indirectly. 

In any case, vaccination of health workers remains, beyond protective measures, 
the best prevention in the transmission of highly contagious infectious diseases. 
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Noninvasive mechanical ventilation (NIMV) is a crucial salvage pathway in patients 
at risk for endotracheal intubation [1]. Having a lesser infection rate than invasive 
mechanical ventilation IMV), maintaining communication abilities, providing an 
open oral feeding route, and being a readily available noninvasive tool are factors 
putting NIMV in a frontline treatment while treating patients with respiratory dis- 
tress [1, 2]. However, the consequences of not closely following a patient treated 
with NIMV would be devastating. Thus, indications of NIMV in intoxicated patients 
even in massive intoxications have to be evaluated on an individual basis [2] includ- 
ing hemodynamic—mental status of patients [2], oro-nasal anatomy [2] such as 
dysmorphism—fractures, and some of psychiatric features [2] of the patient such as 
claustrophobia—adjustment disorders and it should be kept in mind that close mon- 
itoring while NIMV is of importance. 

Massive intoxications might occur if a civilized population is intendedly or acci- 
dentally poisoned or damaged [3]. Due to the fact that respiratory distress is usually 
the main milieu driving the mechanism of damage in patients massively intoxicated, 
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IMV/NIMV support is vital while other specific treatments, if available, are being 
provided. 

Both biologic and chemical/thermal compounds could be the offending agent in 
that kind of humiliating circumstances [3]. Thus, the chapter will be separated fur- 
ther into two major branches as NIMV support in intoxications caused by bioterror- 
ist and chemical/thermal agents. 


NIMV Use in Bioterrorism 


Bioterrorism is the intentional release of viruses, bacteria, or other germs that can 
sicken or kill people, livestock, or crops. Bacillus anthracis, the bacteria that causes 
anthrax, is one of the most likely agents to be used in a biological attack. 

B. anthracis is an aerobic, gram-positive, spore-forming bacteria in which its infec- 
tion is called as anthrax [4]. Three forms of anthrax have been reported including cuta- 
neous, gastrointestinal, and inhalational. Although rarely seen, inhalational anthrax 
having the worst prognosis usually occurs in certain cases who are poisoned [4]. 

The main exotoxins driving the pathologic process are protective antigen, lethal 
factor, and edema factor. Although lethal and edema factors have been stated not to 
be toxic, their combination with protective antigen is hazardous. For instance, com- 
bination of protective antigen and edema factor is accused of pulmonary edema 
formation [4, 5]. 

Inhalational anthrax has a special biphasic course. At the first phase, flu-like 
symptoms occur in a waxing and waning pattern from hours to days, however, pro- 
gressing signs and symptoms such as cyanosis, hypoxemia, and stridor occur in the 
second phase which impairs the condition to shock, acute respiratory distress syn- 
drome (ARDS), and finally death [4, 5]. 

Despite the lack of evidence, due to its features requiring lesser degree of seda- 
tion—infection and being an impressive option in mass poisoning conditions [1], 
NIMV has to be kept in mind as a salvage pathway during both at upcoming IMV 
risk period [1] and at successful post-extubation period [6, 7] in patients with 
anthrax. There are two main problems using NIMV in patients with pulmonary 
anthrax. First, a recent review recommends against the use of NIMV in patients with 
inhalational anthrax according to the studies with respect to failed results with 
NIMV supports in ARDS models [7]. Second, a further condition related to NIMV 
named as “aerosol producing procedure” might increase the risk of further contami- 
nation [8]. Consequently, if it is to be used in patients with anthrax, NIMV should 
be cautiously performed and close follow-up of patients must not be disregarded. 


NIMV Use in Chemical/Thermal Intoxication 


Chemical agent is usually defined as a substance used for its hazardous effects on 
humans by its toxicological effects [9]. These agents might be stratified into three 
different categories such as nerve agents, riot-control agents, and others including 
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vesicants, cyanides, and pulmonary agents [9]. Each one affects by different patho- 
physiological mechanisms. Thus, management of respiratory complications must 
be arranged according to those mechanisms. 

Firstly nerve agents, such as sarin, tabun, soman, cyclosarin, and methylphos- 
phonothioic acid, are encountered mostly in terrorist attacks and used for massacres 
[10]. They defunct the enzyme named acetylcholinesterase working at neuronal 
synaptic transmission and neuromuscular junction (NMJ) and responsible for break- 
ing down acetylcholine (ACh) [10]. Increased ACh at those junctions overrides 
muscular contraction and also causes excitatory actions [10]. Thus, both muscular 
paralysis and cerebral electrical depression priorly impair the respiratory functions 
[10]. Respiratory failure is the main cause of death in nerve agent exposures. Apart 
from some special antidotes used in intoxications by nerve agent, the airway man- 
agement is highly crucial [11]. Even though no clinical study regarding NIMV use 
in patients intoxicated with nerve agents has been reported, IMV remains the main- 
stay of the airway management [11]. It seems both dysfunction at the NMJ and 
increased secretions make NIMV use limited in those patients [11]. However, a 
small study depicts that a device supporting respiration noninvasively by extratho- 
racic negative forces named ‘cuirass ventilation’ seems inspirational, notwithstand- 
ing it needs to be validated in further studies [12]. 

Secondly, riot control agents are compounds used especially by police forces 
while making civilized people temporarily unable to function [13]. The most com- 
mon riot control agents are chloroacetophenone, chlorobenzylidenemalononitrile, 
chloropicrin, bromobenzylcyanide, and dibenzoxazepine [13]. Due to the fact that 
most of riot control agents are self-defuncting in short periods, poor complication is 
usually not expected [13]. However, further impairment in respiratory system might 
be seen if an exposure with higher concentration and longer duration occurs [13]. 
Thus, while following patients with riot control agent exposure, NIMV support, if 
required due to respiratory distress symptoms, should be kept in mind for avoiding 
the unfavorable risk of IMV [13]. 

Thirdly others, vesicants are alkylating agents damaging cells via binding reac- 
tive sulfhydryl groups of proteins responsible for cell division [14]. Clinical spec- 
trum of intoxication owing to mustard gas, one of the most reputed vesicant, changes 
from a simple irritation of upper airways to life threatening laryngeal spasms and 
hemorrhagic pulmonary edema which is also the most common cause of death 
reported [14]. Cyanide, having almond-like odor, might also being used as a chemi- 
cal weapon [15]. Liquid and gas cyanide are known to be the most dangerous form 
and damage the mitochondrial cytochrome oxidase which further impairs the cel- 
lular respiration [15, 16]. If higher amount of intoxication occurs, hazardous effects 
including convulsions, collapse, and even respiratory failure develop in a short 
duration as 8 min [15, 16]. Chlorine, phosgene, diphosgene, and chloropicrin known 
as pulmonary agents not only damage the alveolar—capillary membrane and result 
in fluid leakage, but also make hemoglobin deoxygenated, thus, hypoxemia due to 
the both factors becomes the main cause of death [17]. It seems, in intoxications 
with abovementioned agents, patients with an intact mental status and a PaO,/FiO, 
ratio of >150 might benefit from NIMV, if a close follow-up is available according 
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to general ARDS models [7]. However, lacking of knowledge in terms of using 
NIMV in these patients must lead the remedial teams to evaluate patients according 
to individual basis [2]. 

Inhalational thermal injury might result in after disasters developed by explosive 
substances and/or chemical combustion [18, 19]. Either thermal injury of upper 
airways or chemical injury of lung parenchyma and combinations in severe cases 
could be detected [18, 19]. However, inhalational burn not only causes a chemical 
lung injury, it also increases the risk of ventilator-associated pneumonia [20]. It has 
been found in thermally burned patients that having an additional inhalation injury 
increases the crude mortality nearly twofold [21]. Knowledge regarding NIMV util- 
ity in patients with inhalational burn is also scarce. Although few studies reporting 
NIMV used prophylactically at the post-extubation period with various success [22, 
23], it has to be, unfortunately, mentioned that no knowledge regarding NIMV use 
in patients with inhalational burn injury exists. Thus, respiratory support in patients 
with inhalational burn injury should also be given according to the features of the 
patient. 

As a result, the main cause of death after an exposure to chemical agents seems 
to be the respiratory failure [9]. Besides specific medical management approaches, 
which are out of the scope of this chapter, mechanical ventilation support plays a 
major role in the treatment. Lesser degree of infection-sedation and its comfort 
while compared to IMV makes NIMV an important tool in those patients. However, 
it has to be kept in mind that different pathophysiologic mechanisms in toxications 
require different support strategies. For instance, while NIMV is not encouraged in 
intoxications via nerve agent due to excessive secretions accumulated and muscle 
paralysis, avoiding of IMV might solely be provided by NIMV in patients intoxi- 
cated with riot agents. However, in other types of intoxications, the decision with 
respect to NIMV support must be individually determined. 
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Introduction 


Despite the broad use of noninvasive ventilation (NIV) and its proven efficacy in 
numerous medical conditions, no clear guidelines for using this type of ventilatory 
support in trauma patients exist. There is still a lack of randomized trials in this highly 
heterogeneous group of patients, in whom the cause of respiratory failure may be 
related to different etiologies. Thus, it is difficult to conclude whether NIV affects the 
short- and long-term outcomes. The first part of the in-hospital chain of care for 
trauma patients begins in the Emergency Department (ED). Patients requiring 
mechanical ventilation represent only a small fraction of ED admissions, estimated at 
approximately 0.23-0.5% [1]. Notably, only 19% of these patients receive NIV, and it 
is associated with a prolonged length of stay in the ED (16.6 h, compared to 4.6 h in 
invasively ventilated patients) [1]. The primary role of ED is to accurately triage, 
secure, and select patients at risk of deterioration for the hospital admission. This 
raises the question of whether deferred admission and prolonged stay in the ED are 
beneficial to the patients. There are reports suggesting that early admission of mechan- 
ically ventilated patients from the ED to the ICU (less than 2 h) is associated with 
shorter ventilation time and shorter ICU stay. Many of the EDs do not have a sufficient 
number of physicians and nursing staff, as well as established protocols for managing 
the noninvasively ventilated patient. Also, while the key elements are to maintain the 
airways open and minimize the air leak, some publications demonstrate significant 
issues in this field. Incorrect ventilation technique may cause air leak leading to 
hypoventilation. Failure to maintain open airways may cause gastric insufflation, 
increasing the risk of aspiration. However, NIV in both trauma patients and patients 
with respiratory failure without coexisting trauma may be of significance, and the 
mentioned limitations should not be an obstacle to its implementation and adaptation 
into the ED protocols. Furthermore, some studies suggest that NIV provided by EMS 
or even HEMS in the pre-hospital phase may be beneficial to the patient. 

The use of NIV in trauma patients is still a matter of debate. To increase the suc- 
cess of NIV, careful patient selection based on local protocols and senior advice 
should be prioritized (Table 1). 


Table 1 NIV limitations—the success of NIV in the ED depends on several elements 


Human factor Equipment factor 

— Patient cooperation — Poor synchronization (high trigger, 

— Obstructive sleep apnea (OSA), obesity, large dead space, inappropriate 
anxiety, impaired consciousness, vomiting ventilation mode) 

— Staff:patient ratio — Oxygen use—poor mask fit and 

— Facial injuries and burns, facial deformities, presence of leaks compensated by 
cranial bone fractures, cerebral fluid ventilator can lead to high oxygen 

— Recent surgery on the airways‘, narrowing of consumption. In-hospital patient 
the trachea transport may be at risk? 

— Recent gastrointestinal surgery*/gastrointestinal 
obstruction 


‘In patients after ENT or gastrointestinal surgery (especially the esophagus), management should 
be discussed with the surgeon before NIV is started 
For example, the oxygen consumption of the Oxylog 3000 can be as high as 35 L/min 
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Examples of Use of NIV in Patients Treated in ED 
Preoxygenation Before Intubation 


Due to the risk of difficult airways and hypoxemia, preoxygenation is recommended 
before orotracheal intubation. In a multicenter, randomized study, Baillard et al. did 
not demonstrate the advantage of NIV over standard preoxygenation for reducing 
organ dysfunction in critically ill patients. The saturation values prior to the intuba- 
tion were also comparable (92% NIV vs. 88% facemask, p = 0.12). However, termi- 
nating NIV and converting to standard oxygenation in patients previously ventilated 
with NIV carried a significant risk of hypoxemia. Therefore NIV should not be 
routinely used for preoxygenation but should be maintained in the patient who 
already received this type of ventilatory support [2]. 


Injuries 


Pulmonary contusion is common in trauma patients. When assessing patients with 
injuries, it is crucial to consider the variety of clinical conditions, the diversity of 
patients’ ventilatory dysfunction, and the different priorities to be faced in prehos- 
pital settings, ED, and hospital wards. There are many causes of acute respiratory 
failure in the course of an injury, but it should be emphasized that several reasons 
may coexist in one patient. Also, the symptoms may range from mild dyspnea to 
profound hypoxemia. Improper assessment and implementation of NIV in patients 
not being eligible for it may mask respiratory failure progression and delay the 
proper management. There are currently no clear guidelines available for the use of 
NIV in trauma patients. The British Thoracic Society (BTS 2002) recommendations 
do not recommend routine use of NIV in patients with polytrauma. Similarly, the 
Canadian Critical Care Trials Group/Canadian Critical Care Society Noninvasive 
Ventilation Guidelines Group 2011 has not made any recommendations on this 
subject. 


Chest Trauma 


While there are four main mechanisms of lung injury caused by trauma (blast injury, 
blunt injury, penetrating injury, and lung injury not directly related to chest injury), 
a different approach for each may be necessary. Chest trauma can involve the chest 
wall, pleura, organs, blood vessels, diaphragm, and ribs. 

Penetrating wounds are particularly dangerous, and management depends 
mainly on the extent of the damage. By triggering a systemic inflammatory 
response, even trauma not directly related to the chest can lead to a cytokine 
storm, increased pulmonary vascular endothelial permeability, complement acti- 
vation, and eventually lead to lung injury or even ARDS. Adequate pain relief is 
of high priority, and it should include multimodal analgesia, peripheral nerve 
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blocks, or neuraxial analgesia. A common feature of chest trauma is the potential 
risk of developing ARDS, with a peak at 72 h after injury. It has been shown that 
patients with blunt chest trauma have a higher risk of developing hypoxemic 
respiratory failure. Hypoxemia in these patients is primarily caused by V’/Q’ mis- 
match due to lung contusion, atelectasis, retained secretions, and hemo/ 
pneumothorax. 

Blast lung injury (BLI) is most often caused by a high-energy shock wave act- 
ing on lung tissue. Usually observed in combat medicine conditions, it is now also 
seen among civilians injured in terrorist attacks involving explosive materials. In 
these cases, the trauma may involve the blunt injury, high-velocity injury, fail 
chest, bronchospasm, neurological injuries, and burns (including airways). 
Currently, the literature lacks strong evidence for the use of NIV in patients with 
blast injury. 

A common condition in patients with chest trauma is fail chest, defined as the 
fracture of three or more adjacent ribs in two places. This makes the fractured parts 
move inward during inspiration and outward during expiration causing respiratory 
failure in the patient (exacerbated by pain) and carries the risk of lung tissue injury 
from the fractured bones. Combining this with acute respiratory failure (ARF) may 
have disastrous consequences. The use of positive airway pressures can provide 
internal stabilization and reduce the patient’s respiratory effort and pain. However, 
according to the EAST guidelines, the use of mechanical ventilation in the patient 
with pulmonary contusion and fail chest is not mandatory, and priority should be 
given to good pain control and early physiotherapy. 

Early use of NIV may be beneficial to patients with chest trauma, however, the 
available study results are inconsistent. Some studies showed that NIV could reduce 
ICU length of stay, mortality, and need for intubation and complication, other did 
not prove a reduction in ICU length of stay, difference in the frequency of endotra- 
cheal intubation, and mortality. Antonelli et al. suggested that a benefit of NIV in 
patients with chest trauma could be observed if it was applied up to 48 h after injury 
reducing the rate of intubation from 18 to 12% [3]. It should be emphasized that 
NIV cannot delay rescue endotracheal intubation. 


Head Injuries 


European Society of Intensive Care Medicine consensus 2020 does not provide any 
recommendation on the use of noninvasive positive pressure ventilation in patients 
with acute brain injury (ABI) who have hypercapnic or mixed hypercapnic/hypox- 
emic respiratory insufficiency. According to the Brain Trauma Foundation 2017 
guidelines, in head trauma, maintenance of normoxia and normocapnia is the key 
elements of the therapy. As long as these conditions are met, NIV ventilation can be 
used. Absolute contraindications to NIV are head injuries with impaired conscious- 
ness and risk of aspiration of gastrointestinal contents. Injury of craniofacial struc- 
tures and coexisting liquorrhoea is also contraindications for the use of NIV 
(Table 2). 
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Table 2 NIV contraindications 


Absolute contraindications Relative contraindications 

-— GCS <8 — Hemodynamic instability 

— Inability to maintain an airway protection — Pneumothorax (not treated) 

— Significant craniofacial trauma — Moderate ARDS 

— Severe ARDS — Major surgery scheduled 

— Severe hypoxemia — Copious respiratory secretions 
— Airway obstruction — Pressure ulcer 


— Cardiac arrest 


In patients after ENT or gastrointestinal surgery (especially the esophagus), management should 
be discussed with the surgeon before NIV is started 
For example, the oxygen consumption of the Oxylog 3000 can be as high as 35 L/min 


Invasive Procedures 


Short interventions requiring procedural analgesia and sedation are a common part 
of the diagnostic process in trauma patients. Endoscopic examinations such as bron- 
chofibroscopy, transesophageal echocardiography, can be successfully performed 
with NIV. Also, for short procedures requiring anesthesia (such as shoulder adjust- 
ments or fracture repositioning), NIV may be applicable. 


Respiratory Failure 


According to The National Institute for Health and Care Excellence guidelines 
(NICE 2016), early implementation of NIV in patients with unresponsive type 2 
respiratory failure (T2RF) is recommended as an alternative to endotracheal intuba- 
tion. According to the Global Initiative for Chronic Obstructive Lung Disease 
guidelines (GOLD 2020), NIV is the method of choice for acute respiratory failure 
in the COPD exacerbation, reducing the need for intubation and mortality. The use 
of NIV in acute respiratory failure may also reduce the oxidative stress in the first 
few hours; however, the clinical significance of this remains unclear. When a trauma 
patient is diagnosed with ARDS, NIV is applicable from mild to moderate ARDS, 
but despite reducing the risk of mechanical ventilation, it does not reduce mortality 
in this group of patients. A controversial example of the use of NIV in the ED set- 
ting is pneumonia. NIV may alleviate dyspnea and reduce respiratory rate, being 
rather a bridging therapy until the transfer to the destination ward, but it should not 
delay the intubation. It should be highlighted that most of the available studies ana- 
lyze outcomes of the patients treated with NIV in ICU settings, and the results are 
extrapolated to the ED setting. 


Heart Failure/APE 


Patients with acute heart failure often require some form of oxygenation or venti- 
latory support. A large meta-analysis has shown that the use of NIV in a patient 
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with acute heart failure (AHF) and acute pulmonary edema (APE) reduces the 
need for intubation, but the reduction in mortality remains unclear. Other studies 
suggest that although NIV results in rapid improvement in respiratory and meta- 
bolic parameters, it does not reduce mortality in patients with APE. The NICE 
2014 guidelines do not recommend the routine use of NIV in patients with AHF 
and APE, but identify it as one of the therapeutic options. On the contrary, the 
European Society of Cardiology guidelines (ESC 2018) suggest that NIV should 
be used in patients with respiratory distress and started as soon as possible to 
reduce the risk of invasive mechanical ventilation. The American Heart Association 
guidelines (AHA 2017) do not refer to the use of NIV during decompensated 
heart failure. It should be noted that all of the studies and recommendations apply 
to well-controlled hospital ward settings. The only available publication concern- 
ing ED showed that NIV does not reduce intubation rates and ICU admissions [4]. 
Moreover, NIV increases the poor prognosis of AHF in patients older than 
85 years, patients with hypotension (SBP < 100) and patients with AHF in the 
course of acute coronary syndrome (ACS). Therefore, it seems that NIV in the ED 
setting should be used for short-term symptom relief rather than improvement of 
short-term survival. 


Masks 


The patient comfort decreases with tight fitting oronasal masks. Helmets may be 
an option, but they can be challenging to use in the ED setting. The main prob- 
lems are the high-noise levels experienced by the patients, the sense of claustro- 
phobia, and the potential risk of CO, accumulation. New helmet designs with 
zippers minimalize a potential problem with urgent airway interventions, but 
poorly fitting helmets with tight collars can cause pressure on venous drainage 
from the head. Furthermore, the helmets are not suitable for therapy in patients 
with head, eye, or middle ear injuries. Therefore, they are rarely used in ED set- 
tings. Face masks are a more suitable option as they are much easier to apply, and 
the strap-based fixing systems allow quick adjustment of the mask fit. In trauma 
patients who are predominantly mouth-breathers, when the respiratory failure 
occurs, the use of a nasal mask may be ineffective. Mask type choice should be 
based on patient comfort and coexisting injuries. A definite contraindication for 
NIV is trauma with craniofacial fractures, while intrusive masks may displace 
bony fragments, their use may be painful, and the oral bleeding or damage to 
dentition may pose a risk of airway patency. Moreover, there are reports of ten- 
sion pneumocephalus after NIV application in a patient with craniofacial trauma. 
Also, tight and ill-fitting mask may cause ischemia of the skin even in a short 
time (about 2 h) and result in pressure ulcer, which itself may become a relative 
contraindication for mask ventilation. Assessment of the skin at the mask site 
should occur every 4 h (maximum every 12 h). It may be appropriate to change 
the type of interface periodically. 
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Sedation of a Trauma Patient 


The use of mechanical ventilation in a patient often (but not always) requires seda- 
tion. The tight fit of the mask, the sensation of air blows, dyssynchrony with the 
respirator, or the multiple collections of blood for lab tests are all significant prob- 
lems of NIV. Unfortunately, a published Cochrane review regarding the role of NIV 
as a strategy for weaning patients from invasive ventilation showed a significant 
problem in this area [5]. Only one of the included studies had standardized sedation 
protocols. Interestingly, none of the studies discuss sedation in the ED setting. 

This chapter discusses sedation drugs based on the available literature and our 
own experience in the ED, ICU, and operating room. Each physician applying NIV 
should approach the patient on an individual basis and use medications with which 
he/she is familiar and with which he/she has experience. It should also be remem- 
bered that mild sedation differs from deep anesthesia only in the anesthetic dose, 
and the boundary can be subtle. Therefore, to avoid cardiovascular or respiratory 
disturbances, it is always recommended to ask the anesthesiologist for assistance. 
The qualitative assessment of sedation during NIV (for example, maintained within 
the range from 0 to —2 pts on the Richmond Agitation and Sedation Scale) and 
maintaining the adequate depth of sedation with minimal respiratory depression is 
essential. Improper drug selection, excessive doses, and inadequate monitoring can 
have disastrous consequences. Also, it is essential to determine the underlying cause 
of the lack of patients’ cooperation during NIV (confusion, anxiety, pain, and dys- 
pnea). It is also important to try non-pharmacological remedy of the discomfort by 
talking, reassuring the patient, and carefully explaining the way of breathing 
during NIV. 

In our opinion, the drug particularly suitable in the ED setting for trauma patients 
is dexmedetomidine. As an a, receptor agonist, it has an anesthetic effect on the 
central nervous system with minimal impact on the respiratory center and airway 
patency. In the case of overdose, cardiovascular symptoms (AV blocks, bradycardia, 
and hypotension) predominate. 

Opioids are often used for sedation, but it is important to note that the pharmaco- 
logical profiles of action vary significantly between the agents. For example, the 
peak effect of morphine is observed after 10-15 min of intravenous administration, 
and its active metabolites (more potent than morphine itself) persist in plasma for 
several hours, which may extend even more in a patient with renal failure. The 
widely used “short-acting” fentanyl used in repeated doses or infusion due to redis- 
tribution and accumulation becomes a long-acting drug. Opioid use appears to be 
safe concerning the cardiovascular system but may carry a risk of significant 
hypoventilation. This is particularly dangerous for patients in ED, where adequate 
monitoring and continuous patient observation can be challenging. 

Propofol sedation requires considerable experience and appropriate training. 
Administering excessively rapid infusions or failing to correct the infusion rate dur- 
ing the sedation can put the patient into deep anesthesia, causing hemodynamic 
disturbances and hypoventilation. 
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Table 3 Examples of drugs which can be used for sedation 


Risk 
Respiratory | Cardiovascular | of Risk of 
Sedative Dose Analgesia | depression | depression nausea | delirium 
Dexmedetomidine | 0.2— No No Mild No No 
0.7 pg/ 
kg/h* 
Midazolam 0.5-1 mg | No Mild Mild Yes Yes 
repeated? 
Fentanyl 50 pg No Yes Mild Yes No 
repeated? 
Ketamine 0.2- Yes No/mild No Yes Yes 
0.8 mg/ 
kg iv 
Propofol 25- No Yes Yes No No 
75 g/ 
kg/min 


“Loading dose | jig/kg over 20 min 
High risk of cumulation 


Midazolam and the other benzodiazepines, although popular in the ED during 
brief procedures, do not fully meet the criteria for fast-acting and short-acting drugs. 
Repeated doses lead to accumulation; therefore, their use should be limited to a 
single dose, which may not be possible during several hours of NIV ventilation. 

Ketamine, a phencyclidine derivative, can be successfully used to sedate patients 
in the ED in small fractionated doses or by continuous infusion. Moreover, it is the 
only anesthetic that has analgesic effects as well. Its probable inhibition of catechol- 
amine reuptake and direct action on adrenergic receptors causes an increase in sym- 
pathetic tone resulting in accelerated heart rate and increased blood pressure. One 
of the most important properties is minimal effect on the pharyngeal reflex and the 
strong bronchodilatory effect. 

An interesting group of drugs is anxiolytics such as alprazolam, quetiapine, and 
hydroxyzine, which may find application in the ED due to their negligible effects on 
the respiratory center. 

In addition to proper drug selection, adequate monitoring of the sedated patient 
is of utmost importance. Also, it is important to note that repeated drug administra- 
tion or use of continuous infusions may progressively deepen the level of sedation 
(Table 3). 


Patient Monitoring 


The British Thoracic Society recommends to use track-and-trigger practice, such as 
the National Early Warning Score (NEWS), in patients undergoing oxygen. These 
scales are useful and well validated in predicting complications such as cardiac arrest 
or death in the ED. Minimal monitoring should therefore include respiratory rate 
count, pulse oximetry, ECG, non-invasive blood pressure measurement, 
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Table 4 NEWS score 


Physiological parameters) 3 2 1 0 1 2 3 

RR (/min) <8 9-11 12-20 21-24 >25 
SpO, (%) <91 | 92-93 94-95 >96 

Oxygen therapy yes no 

Temperature (C) < 35 35.1-36 | 36.1-38 | 38.1-90 | >39.1 

SBP (mmHg) <90 |91-100 | 101-110 | 111-219 >220 
HR (/min) < 40 41-50 | 51-90 91-110 | 111-130 |>131 
AVPU A V,P,U 


A score of 3 pts in any parameter or a total score of 5 pts indicates the need for urgent assessment 
by an experienced physician and monitoring the patient at a frequency of at least once every hour. 
A score of 7 or more requires a decision to transfer the patient to a higher dependency unit or ICU 


consciousness assessment, and body temperature. Tidal volume monitoring can be 
helpful, but it must be remembered that in open breathing systems, the measured 
value may significantly differ from the administered value. Patient comfort and mask 
fit are also important factors for successful ventilation—leaks can cause discomfort, 
hinder patient-respirator synchronization, increase respiratory effort and cause 
hypoventilation. Arterial blood gas analysis (ABG) is a valuable parameter determin- 
ing the urgency of intubation and mechanical ventilation. The need for ABG depends 
mainly on the patient’s condition. It should be performed at baseline and then after 
1-2 hof NIV in all patients undergoing mechanical ventilation. If there is no improve- 
ment in PaCO, and pH after this time (despite optimal ventilator settings), invasive 
ventilation should be considered. Available literature data does not support the use of 
venous blood gas analysis on admission as a predictor for NIV failure, intubation and 
mortality in COPD exacerbation acute hypoxemic respiratory failure (AHRF). 
Spirometry may be useful, as low FVC may be a predictor of complications such as 
hospital-acquired pulmonary infection, secondary admission in intensive care unit, 
or mechanical ventilation for respiratory failure, or death. Also, lung ultrasound is a 
powerful diagnostic tool for assessing lung injury and the presence of reversible 
causes of respiratory failure, such as pneumothorax or pleural effusion (Table 4). 


Risk of NIV Failure 


In a study by Antonelli et al., analyzing patients with acute hypoxemic respiratory 
failure, age >40 years, SAPS II score >35, presence of ARDS or community- 
acquired pneumonia, and PaO,:FiO, <146 ratio after 1 h of NIV were found to be 
factors independently associated with failure of NIV [3]. 


Proposed NIV Ventilation Scheme for ED 


1. Start at low pressure EPAP 3 cmH,0 and increase 2 cmH,O every 2-3 min up to 
10 cmH,0O. 
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2. Start at low IPAP 5 cmH,0 and increase 2 cmH,0O every 2—3 min up to 20 cmH,0. 
3. Strict monitoring and blood gas analysis every 1—2 h (or earlier if indicated). 
(a) Maintain SpO, > 88-92% and pO, > 8 kPa. 
(b) Maintain pCO, < 6 kPa. 


Levels of support should not exceed IPAP 20 cmH,O, EPAP 10 cmH,0, FiO, 0.9 
and respiratory rate 20 bpm. If above, consider endotracheal intubation. 


Summary 


The use of NIV in trauma patients is still a matter of debate. There is no consistent 
evidence of the benefits of this form of respiratory support. The key element is good 
pain control, enabling patients to breathe freely. An individualized approach to the 
patient should always be practiced as well as the implementation of established 
hospital protocols. Transient improvement of the patient’s condition may mask the 
underlying pathologies, and a delayed diagnosis can be fatal. NIV should be applied 
on a “start low, go slow” basis, as an aggressive form of respiratory support may not 
be tolerated by the patient. In such cases, initiation of sedation by an inexperienced 
physician may result in significant cardiorespiratory deterioration. The boundary 
between procedural sedation and deep anesthesia is subtle. 
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ICU Intensive care unit 

NIV Noninvasive ventilation 

PEEP Positive end-expiratory pressure 
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Introduction 


Burn injuries are damage that results from heat, fire, radiation, chemicals, and elec- 
tricity. Depending on the location and severity of the damage, burn injuries may 
lead to life-threatening medical problems. Especially major burns may lead to 
severe systemic response, development of organ failure, and death [1]. Respiratory 
dysfunction is a major problem after a burn injury and may result from airway burn 
or/and the effect of the systemic inflammatory response induced by thermal damage 
and smoke inhalation injury [2]. Inhalation burns may lead to airway obstruction by 
mucosal casts and edema. Later on, respiratory complications emerge from the 
onset of pneumonia, immobility, atelectasis, and the development of acute respira- 
tory distress syndrome (ARDS) [3, 4]. 

Endotracheal intubation and mechanical ventilation are commonly used for 
respiratory failure and securing the airway in the burn-injured patient [4]. However, 
endotracheal intubation reveals further problems by eliminating the protective 
mechanisms of the upper airway resulting in an increased incidence of nosocomial 
pneumonia [2]. Noninvasive ventilation (NIV) is a technique that aims to improve 
ventilation of a spontaneously breathing patient without an endotracheal tube [5]. 
NIV has been used for patients in acute and chronic respiratory failure such as 
chronic obstructive pulmonary disease (COPD) exacerbation, neuromuscular dis- 
eases, and chest wall disorders [2, 6]. 

This chapter aims to present the applicability of NIV in burn patients in light of 
the current literature. 


Pathophysiology and Diagnosis 


Burn-injured patient with respiratory failure is multifactorial and may occur at dif- 
ferent stages of clinical follow-up. Respiratory failure may be a result of mainly 
inhalation injury with direct heat or smoke in the early period and/or secondary due 
to activation of the systemic inflammatory response, ventilator-associated pneumo- 
nia, sepsis, and ARDS in the late period. Severe burns particularly where the chest 
wall is involved may also cause restrictive respiratory failure. 


Inhalation Injury 


Inhalation injury is a term used to describe damage to the respiratory system by heat 
or chemicals in smoke carried into the respiratory tract during inspiration. The 
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damage may occur by direct effects of inhaled chemicals in smoke or as a result of 
an inflammatory process. In 10-30% of burn cases, victims have concomitant inha- 
lation injury, however, it is the most frequent cause of burn-associated mortality 
with the rate of 70-90% [7-9]. 

Inhalation injury can be classified into three according to main pathophysiologic 
factors: direct thermal injury of airways, tissue damage due to chemicals in smoke, 
and systemic effects of inhaled toxins. However, in many patients, multiple factors 
are involved depending on anatomical involvement [8]. 

Inhalation injury obstructs airways with multiple mechanisms. The direct effect 
of the heat is partially limited with supraglottic area by the epiglottis and injury to 
the tracheobronchial system is usually due to the chemical irritants and toxins in 
smoke. While the edema resulting from thermal injury to the supraglottic structures 
leads to obstruction in hours, the subglottic injury often is a result of inhaled irri- 
tants and chemicals in smoke, and obstruction may be delayed for several hours to 
days [4, 10]. 

Thermal injury to the oropharynx causes inflammatory response by protein dena- 
turation that activates complement system causing histamine release and, finally, 
tissue edema occurs [7]. The attraction of polymorphonuclear cells due to the 
release of free radicals causes further edema and finally leads to obstruction. 
Bronchoscopy studies in these patients revealed progressive edema of respiratory 
mucosa in the first 12—24 h [5, 11]. Products of combustion with smoke also cause 
mucosal hyperemia, edema, and cast formation leading to bronchospasm and 
obstruction [4, 9, 10, 12]. 

Inhalation injuries also predispose patients to bacterial infections by impairing 
mucociliary activity and affecting alveolar macrophages. If the patient is intubated, 
the mortality rate will increase related to ventilator-associated pneumonia [4, 13]. 
Change in voice quality, wheezing, stridor, and singed nasal hair may alert physi- 
cian for inhalation injury. Carbonaceous material or sputum observed on examina- 
tion or signs of edema/ulceration in the pharynx with nasolaryngoscopy supports 
the diagnosis [8, 14]. 


Smoke Inhalation Injury 

Smoke inhalation injury is defined as damage caused by toxic gases, vapors, and 
chemicals contained in smoke during inspiration. Victims with a history of exposure 
to smoke in enclosed space and the presence of carbonaceous material below glottis 
confirmed with FOB indicate smoke inhalation. Patients injured with flash explo- 
sions of propane and butane do not usually have smoke inhalation injury. The com- 
bustion products such as aldehydes, cyanides, chlorine, compounds of oxygen with 
sulfur and nitrogen are the most common toxins damaging the epithelial and capil- 
lary endothelial cells of the airway [4, 10]. The severity of the damage will depend 
on the type of burning substances and exposure time [7]. The pathophysiology of 
smoke inhalation injury is unclear; however, the classic complement cascade is 
thought to be activated by microvascular changes due to inhaled smoke and chemi- 
cal irritants leading to pulmonary edema and systemic inflammatory responses. In 
addition, the formation of casts from cellular debris, fibrin clots, 
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polymorphonuclear leucocytes and inactivation of surfactant cause obstruction of 
the airways leading to ventilation-perfusion mismatch and a right-to-left shunt. 
Partially obstructed airways can lead to air trapping and hyperinflation. This over- 
distention also trigger an inflammatory response, which initiates the coagulation 
cascade. Endothelial damage and increased vascular permeability result in fibrin 
deposition in the alveolar space leading to smoke inhalation-induced acute lung 
injury (ALI) and ARDS [4, 12, 15]. 


Acute Lung Injury 


Both cutaneous burns and smoke inhalation injury may cause respiratory dysfunc- 
tion and ARDS characterized by dyspnea, severe arterial hypoxemia, and decreased 
lung compliance. In patients with large cutaneous burns, the inflammatory response 
may lead to lung injury even without concomitant smoke inhalation injury. The 
cutaneous burn area exceeding 30% of total body surface area (TBSA), wound 
infection, and sepsis are risk factors for ALI and ARDS. However, ARDS-related 
damage initially occurs in the distal alveoli unlike smoke inhalation injury but the 
damage with inhalation injury is more severe than the cutaneous burn-induced 
ARDS [12, 16, 17]. Patients needing mechanical ventilation due to inhalation injury 
are prone to develop ARDS [18]. The median day of onset was reported to be 3 days 
after burn and mostly within 8 days in burn patients with an incidence of 34-40% in 
mechanically ventilated burn patients [8, 17, 18]. Studies also reported that the 
development of ARDS has no association with the severity of smoke inhalation 
injury but rather related to the size of full-thickness burn [17, 19]. 

Lower respiratory tract damage may also occur with a thermal injury especially 
in enclosed spaces with steam or flash explosions which have a higher heat-carrying 
capacity than dry air [18]. Fiberoptic bronchoscopy (FOB) is the “gold standard” 
for diagnosing lower airway injury at the time of admission. As described in the 
Pathophysiology and Diagnosis section the formation of intrabronchial cast may 
worsen respiratory failure thus FOB is recommended for the removal of intrabron- 
chial casts and documenting the injury [18, 20]. Unfortunately, chest X-ray has little 
value for diagnosis on admission [7]. 


Systemic Toxicity 


In addition, systemic intoxication may occur with direct toxic substances such as carbon 
monoxide (CO) and cyanide. CO reduces the carrying capacity of hemoglobin for oxy- 
gen molecule. Hydrogen cyanide binds Fe3+ in the mitochondrial cytochromes and 
causes hypoxia by reducing oxygen use despite adequate oxygenation [4, 15]. Peripheral 
oxygen saturation with conventional pulse oximetry and arterial blood partial oxygen 
pressures are within normal limits and non-diagnostic [1, 7]. Even suspected exposure 
to carbon monoxide should be treated with 100% oxygen with a non-breathing mask or 
NIV until the blood level of carboxyhemoglobin has been measured [14]. 
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NIV for Treatment of Burns 


There are many positive aspects of clinical use of NIV such as avoiding early and 
late complications associated with endotracheal intubation and ventilator-associated 
pneumonia [6, 21]. In addition to its clinical advantages, it reduces cost and inten- 
sive care unit (ICU) bed occupancy rate which would be problematic in mass 
disasters. 

NIV can be used for the treatment of burn-injured patients at certain stages of 
their treatment and choosing the right patient is the key to success. Patients would 
be more comfortable as they can continue oral feeding and communication. 
Unfortunately, NIV is suitable for a minority of patients with inhalation injury as 
upper airway obstruction is usually involved with rapid progression in the first 12 h. 
In addition, many factors such as the degree location and extension of the injury, 
required surgical procedures, need of sedation, and pain control affect the decision 
of intubation. However, NIV would still be useful to support weaning and early 
extubation. Patients who are conscious, cooperative, and able to protect their airway 
would benefit from NIV during their treatment in the absence of contraindications 
such as hemodynamic and airway instability, excessive secretion, and facial trauma. 
Facial burns and trauma affecting the sealing of the mask may cause failure. 
Uncooperative patients with altered levels of consciousness could not protect their 
airway during vomiting or cough effectively are not suitable for NIV [5, 6, 10]. 


Prophylactic Use of NIV 


Patients with extensive burns require rapid and large amounts of fluid administra- 
tion as a part of their treatment. In burn patients, it is advised to initiate NIV in the 
initial hours after burn injury during fluid resuscitation where the risk of pulmonary 
edema is high. Since respiratory dysfunction is usually progressive in burn patients, 
NIV should be initiated as prophylactic therapy in high-risk burn patients even 
before signs of respiratory dysfunction such as hypoxemia or hypercarbia 
appear [10]. 

Treatment strategies vary according to the degree, extension, and anatomic loca- 
tion of the burn, as well as the presence of inhalation injury. Intubation would be a 
more appropriate approach for probable inhalation injury even limited with supra- 
glottic region compromising the airway with oropharyngeal edema, stridor, or 
hoarseness. However, victims are already intubated before transport to the hospital 
to secure the airway during transport. Studies have reported that 12-53% of patients 
were extubated within the first 24 h in ICU [8]. FOB could be performed to deter- 
mine the further continuation of intubation in burn center or ICU. FOB has been 
recommended for confirming and grading the severity of airway injury. The severity 
of inhalation injury can be graded with the Abbreviated Injury Score (AIS) between 
0 and 4 (No, Mild, Moderate, Severe, and Massive) according to the presence of 
carbonaceous deposits, erythema, edema, mucosal sloughing, necrosis, bronchor- 
rhea, obstruction and endoluminal obliteration with FOB [22]. 
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NIV has been used successfully without the need of intubation in selected cases 
where AIS grade is mild with little evidence of edema [2, 23]. NIV can be used in 
patients who can cough and expectorate where there is no risk of airway obstruction 
[20]. However, it should be kept in mind that airway edema can progress within 
2-3 days after burn injury [14]. Patients with facial burns may require a helmet as 
an interface. 

Patients without inhalation injury but who have chest and abdominal wounds due 
to injury or autografts donor sites may develop respiratory dysfunction as a result of 
pain and tightness. These patients are prone to sputum retention, airway plugging, 
and atelectasis with reduced functional residual capacity and may benefit from 
intermittent NIV [2]. 

Although the clinical use of NIV in inhalation injury is limited, NIV can be 
applied prophylactically in patients predicted to develop respiratory distress. The 
use of intermittent NIV recruits the collapsed alveoli, helps administration of nebu- 
lized drugs, eases expectoration, and may prevent further respiratory 
complications. 


Early Extubation and Avoiding Re-Intubation 


NIV also can be used to patients after early extubation for pulmonary support [2, 5, 
24]. Early extubation helps to avoid further complications of intubation and enables 
early rehabilitation in patients who met the NIV criteria. After extubation, NIV can 
be applied to support respiration as planned or to prevent reintubation as a rescue 
intervention. However, it requires close monitoring, cooperation with the patient, 
and tailored care [2, 25, 26]. 


Interface 


The choice of NIV interface is made according to burn location, suitability, and 
patient tolerance. Patients with facial burns including lips and perioral region may 
not be suitable for the mouthpiece and oronasal mask. Skin pressure lesions, espe- 
cially on the bridge of the nose, are a common complication during oronasal mask 
use. Skin lacerations can be reduced with the alternating use of different types of 
masks, using silicone gel masks, applying padding to pressure points, and care with 
regular skin dressing [27]. A full-face mask or helmet is preferred in patients with 
burns on the face and neck for NIV. Especially helmet is well tolerated by the 
patients with minimal air leaks. However, the helmet interface needs more inspira- 
tory effort, less effective in PEEP application, and causes carbon dioxide rebreath- 
ing as a disadvantage [27]. Despite these disadvantages, the helmet interface is 
more appropriate for facial burns without severe inhalation injury [5]. 
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Device Settings 


As a general rule for patient comfort, PEEP and pressure support should be increased 
gradually, starting from a low level 2—3 cmH,O and 5 cmH,0O, respectively. The 
mask interface is placed over the face without tightening the fixing straps. When the 
patient adapts to mechanical ventilation with mask or helmet, the level of support 
can be increased afterward with increments of 2—3 cmH,O until the desired clinical 
outcome is achieved [5, 24]. 

Higher peak pressures may cause further damage by overdistension and baro- 
trauma in non-occluded alveoli thus peak pressures higher than 20-25 cmH,O 
should be avoided. A lung-protective strategy and permissive hypercapnia with low- 
tidal volume and PEEP should be used. To avoid auto-PEEP, gastric distension, and 
minimize air leaks, starting with low-pressure support and avoiding higher pres- 
sures than 20 cmH,O more would be appropriate [5, 27]. High level of pressure 
support may lead to leaks causing false triggering, delayed cycling, and a paradoxi- 
cal decrease in tidal volume and consequently, increase work of breathing. When 
the patient’s clinical condition deteriorates without improvement due to NIV, intu- 
bation and invasive mechanical ventilation should be considered [5]. 


Conclusion 


Burns, especially with inhalation injury, result in significant morbidity and mortal- 
ity. Treatment requires a multidisciplinary approach. NIV is promising for support- 
ing respiratory function in patients with burns. 


Key Major Recommendations 

e Patients suspected of inhalation injury should be confirmed with FOB or 
nasolaryngoscopy for the decision of endotracheal intubation. 

e Higher peak pressures may cause further damage by overdistension in 
alveoli thus peak pressures higher than 20-25 cmH,O should be avoided. 

e To avoid auto-PEEP, gastric distension, and minimize air leaks, starting 
with low-pressure support and avoiding higher pressures than 20 cmH,O 
more would be appropriate NIV should be initiated as prophylactic therapy 
in high-risk burn patients even before signs of respiratory dysfunction such 
as hypoxemia or hypercarbia appear. 

e NIV can be used for earlier extubation while maintaining the weaning pro- 
cess with mask or helmet. 
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Introduction 


The term chemical agent has traditionally been defined as a substance intended for 
use in military operations to kill, seriously injure, or incapacitate humans (or ani- 
mals) through its toxicological effects [1]. These agents have been used in warfare 
for thousands of years. Recent events, such as the 1994 sarin nerve agent attack in 
Matsumoto, Japan, and the 1995 Tokyo subway destructive release of this chemical, 
have made it clear that healthcare providers need to be prepared to handle chemical 
agent attacks. In addition to targeted attacks, several sequelae after unrelated phe- 
nomena have resulted in severe pulmonary consequences directly tied to chemical 
irritants including exposures of firefighters, particularly those affected by dust inha- 
lation after the 9/11 terrorist attacks, and silicosis as a complication of volcanic ash 
inhalation. 

According to numerous government agencies and the military, at least 10 
countries have the capability to produce and disseminate chemical and biologi- 
cal weapons. These statistics do not include the unknown (or unpublished) innu- 
merable terrorist organizations that can effectively manufacture and strategically 
deploy such agents. Furthermore, as evidenced by the 9/11 terrorist attacks, dust 
exposure from collateral damage exists both in the acute phase of terror attack 
and as longstanding sequelae. These attacks do not involve specific agents and 
instead damage stems from residual dust exposure and inhalation as a result of 
the destruction from the terrorist attack. Therefore, it is obvious that a threat 
exists [2]. 

Although most of these weapons have the potential for mass casualty applica- 
tion, quite often they are used covertly with small-dose exposures that may lead to 
a delayed or subtle presentation. This is similarly the case with environmental expo- 
sures and natural phenomenon, and over the last decade or bystanders during 9/11 
have subsequently come to develop severe pulmonary sequelae. Consequently, it is 
vital for healthcare providers to be vigilant and trained to recognize signs and symp- 
toms of a chemical agent exposure so as to report and treat each case 
appropriately. 

This chapter focuses on the most common types of chemical warfare agents 
used, their clinical presentations, and medical management after decontamination 
including the possible application of noninvasive ventilation. 


Analysis of Main Topics and Discussion 


Chemical agents can be categorized by their physiological action or practical appli- 
cation. Based on this schema, several classes exist: nerve agents, vesicants, blood 
agents (cyanides), pulmonary agents, riot-control agents, and irritant fume expo- 
sure. Each group has a different pathophysiological presentation that is important to 
understand in order to apply appropriate treatment. 
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Nerve Agents 


Nerve agents comprise a group of organophosphates that were developed during the 
1930s as a method of chemical warfare. Today, exposure to nerve agents would 
most likely come from a terrorist attack or a leak from military storage. The princi- 
pal nerve agents are sarin, tabun, soman, cyclosarin, and methylphosphonothioic 
acid. As the name indicates, their primarily effect is on the nervous system by bind- 
ing to and inhibiting normal functioning of the enzyme acetylcholinesterase. 
Normally, this enzyme acts to break down acetylcholine (ACh) in the cholinergic 
system. ACh is a neurotransmitter that activates and controls muscular contraction. 
It also participates in the diffuse modulatory system, where it causes anti-excitatory 
actions. 

AS nerve agents inhibit the means by which ACh is eliminated, excess ACh accu- 
mulates, leading to nerve impulses being continually transmitted and to prolonged 
stimulation of the affected tissues [3]. The acuity and severity of symptoms caused 
by a nerve agent highly depend on its route and site of entry into the body. Most 
often, nerve agents enter the body either through inhalation or direct contact at the 
skin or eyes. Particularly, the poisonous effect is quickest, within seconds to min- 
utes [4-6], when the agent (vaporized or aerosolized) is absorbed via the respiratory 
system. Owing to the myriad blood vessels in the lung, the inhaled nerve agent 
rapidly diffuses into the pulmonary circulation and thus reaches the target organs 
[4-6]. Oral and transdermal absorption generally do not present clinically until 3 
and 12 h, respectfully, after contact [4-6]. After the nerve agent has entered the 
body, detrimental symptoms and effects begin to rapidly appear. Initial symptoms 
are usually a runny nose, sweating, drooling, and tightness in the chest. Afterward, 
the nerve agent progressively causes difficulty breathing and renders many bodily 
functions inept. The victim begins to salivate, urinate, lacrimate, defecate, and 
vomit involuntarily. In other words, the victim starts to lose control of many parts of 
his or her body. Miosis and rhinorrhea result from contact with the eyes and nose, 
respectively. The nerve agent then continues to damage many of the victim’s bodily 
functions, causing increased motility and an increase in the level of secretion of the 
gastrointestinal tract. Nausea, vomiting, and diarrhea usually follow. The nerve 
agent may also initially cause muscular fasciculations and weakness, with gradual 
development into muscular flaccidity. Aside from the skeletal effects, the nerve 
agent also produces cardiovascular symptoms. Elevation of the heart rate is multi- 
factorial including hypoxia and fright, but it may also be due to decreased vagus 
nerve activity. Bradyarrhythmias often occur. After a high-enough exposure, the 
victim can also suffer from disruption of normal central nervous system functions, 
leading to apnea, seizures, or loss of consciousness. The array of symptoms is often 
summarized in the mnemonic DUMBELS (diaphoresis/diarrhea, urination, miosis, 
bronchorrhea/bronchospasm, emesis, lacrimation, and salivation) [6]. 

Several treatments are available that can curtail the effects of nerve agents. 
Atropine and pralidozime (2-PAM) chloride, each of which is administered 
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intramuscularly, are primarily used to reverse the effects of nerve agents. Atropine 
is an anticholinergic drug that acts as a competitive antagonist at muscarinic recep- 
tors. Atropine counters/resists the actions of the vagus nerve, blocks ACh receptor 
sites, and decreases bronchial secretions. Because it functions as a competitive 
antagonist of muscarinic ACh receptors, and ACh is the primary neurotransmitter 
utilized by the parasympathetic nervous system, atropine decreases the parasympa- 
thetic activity of all muscles and glands regulated by the parasympathetic nervous 
system [6]. Generally, atropine is used to decrease bronchial secretions. 2-PAM 
chloride is used to reverse the binding of the nerve agent, regenerate the previously 
poisoned enzyme acetylcholinesterase, and enable the enzyme to metabolize ACh. 
2-PAM chloride works best on nicotinic receptors. 

Aside from atropine and 2-PAM chloride, homatropine and benzodiazepine are 
also used. Homatropine is an anticholinergic medication that functions to treat mio- 
sis. Homatropine inhibits the parasympathetic nervous system by inhibiting musca- 
rinic acetylcholine receptors. Benzodiazepine (anticonvulsant) is used to treat 
seizures that a nerve agent victim may experience. 

It is important to note that respiratory failure is the principal cause of death in 
nerve agent exposure [5, 7]. Rapid progression of respiratory failure due to nerve 
agent exposure is twofold. (1) Accumulation of ACh in the respiratory organs causes 
overstimulation of the parasympathetic pathway, resulting in excess secretions, 
toxic pulmonary edema, and severe bronchoconstriction. (2) Respiratory muscular 
paralysis, particularly of the diaphragm, and central depression of the respiratory 
centers further contribute to eventual respiratory arrest. Death caused by nerve 
agents is commonly compared to death by suffocation. Therefore, alongside the 
aforementioned antidotes, airway management is crucial for treatment. 

Current therapeutic protocols stress the need for urgent laryngoscopy and intuba- 
tion, with concomitant provision of positive-pressure ventilation until signs of mus- 
cle paralysis disappear [7]. This is difficult to accomplish in the setting of mass 
casualties because of the shortage of trained professionals. Also, the equipment is 
cumbersome. Conventional face/nasal mask noninvasive positive-pressure ventila- 
tion is contraindicated in the setting because of the excessive pulmonary secretions 
and neuromuscular dysfunction. Therefore, it is unlikely it would be beneficial in a 
victim of exposure to a nerve agent. A relatively new refined resurrection of the 
negative-pressure ventilator (often referred to as the “iron lung”) may provide a 
solution. 

An external high-frequency oscillation (EHFO) ventilator, the MRTX respirator 
(United Hayek Medical, London, UK), has been shown to be efficacious in provid- 
ing proper, noninvasive artificial ventilation to normal and sick lungs. The power 
unit works by creating cyclic pressure changes inside the cuirass (a clear, flexible 
plastic enclosure surrounding the chest and abdomen with soft foam rubber borders 
to create an airtight seal around the patient). The negative pressure creates chest 
expansion and thus inhalation. The positive pressure creates chest compression and 
thus exhalation. Thus, both inspiratory and expiratory phases are actively controlled, 
and the chest is oscillated around a variable negative baseline pressure [7]. In addi- 
tion to providing respiratory support, EHFO potentially preserves cardiac output, 
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compared with conventional positive-pressure ventilation, and actively aids in 
secretion expectoration through forceful clearance. These qualities manage the 
direct negative cardiovascular and respiratory effects induced by nerve agents. The 
unit is lightweight, easy to operate, portable, and requires minimal training. 
Although EHFO appears to be a superb ventilator support system in the setting of 
nerve agent exposure, the lack of adequate separation of the digestive from the 
respiratory tracts makes endotracheal tube placement a prudent measure [7]. 


Vesicants 


Vesicants are alkylating agents that affect cellular division and DNA synthesis by 
binding a number of molecules via a reactive sulfonium ion with greatest affinity for 
nucleic acid and sulfur and sulfhydryl groups on proteins. Mustard gas (or sulfur 
mustard) is one of the most notable vesicants. It was first used as a weapon during 
World War I and more recently in the Iran-Iraq conflict during the 1980s. Other 
agents include lewisite, nitrogen mustard, and phosgene oxime. 

As with most chemical agents, effects of vesicants are based on the site of con- 
tact, time of exposure, and concentration of the agent, whereas the severity and 
latency of the onset are influenced by the environment. Vesicants are known for 
their delayed manifestations. The hallmark of dermal exposure to mustard is a pro- 
longed asymptomatic period [1]. This latency period is shortened in the presence of 
high environmental or body temperature and moist skin. 

These agents are highly lipophilic and easily penetrate mucosal surfaces. The 
main characteristic of vesicants is their direct toxicity to organic tissue, inducing 
chemical burns and blisters on both external and internal body surface areas includ- 
ing skin, eyes, mucous membranes, and lungs. Respiratory symptoms usually pres- 
ent 4-6 h after exposure, initially involving the upper respiratory tract and then 
progressing lower. Patients often complain of sinus pain, irritation of the nose, sore 
throat, and a hacking cough followed by hoarseness and loss of voice. Laryngeal 
spasms may occur. Large-dose inhalations affect the lower airway, causing short- 
ness of breath and a productive cough. This may be due to the development of a 
patchy pneumonia, purulent bronchitis, or even hemorrhagic bronchitis. 
Pseudomembranes can arise as a result of mucosal necrosis. They can be compli- 
cated by obstruction in the bronchi or trachea leading to asphyxiation, the most 
common cause of death [1, 8, 9]. Survivors are often plagued by chronic conditions 
involving the eyes, skin, and lungs, including corneal thinning and opacification, 
severe eczema, skin cancers, chronic bronchitis, and pulmonary fibrosis [8, 9]. 

There is no antidote for sulfur mustard exposure, and treatment after decontami- 
nation is largely supportive. Mild respiratory tract injuries often resolve without 
intervention. Bronchodilators may be useful for spasms, antibiotics for pneumonia, 
and bougienage for pseudomembranes. Although infection is the most important 
complication of healing mucosal damage, prophylactic antibiotics are not recom- 
mended. More severe cases may require management on the burn unit. Airway sta- 
bilization should be accomplished through conventional means [1-9]. 
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Cyanide is a chemical blood agent that was first used during World War I. The 
Germans most infamously used it during the Holocaust, and the United States used 
it to execute prisoners in the gas chamber from 1924 to 1999. Cyanide is colorless, 
and some have described it as having an almond-like odor. As a chemical weapon, 
cyanide exists as hydrogen cyanide and cyanogen chloride. Cyanide can also exist 
in all three states of matter. As a solid (cyanide salts), cyanide can be absorbed 
through the skin and eyes or through ingestion. As a liquid or gas, cyanide is most 
perilous because it can enter the body through inhalation. Cyanide can enter and 
spread in water, soil, or air through natural and industrial means. It exists as gaseous 
hydrogen cyanide in air. The most common presentation of cyanide intoxication is 
after smoke inhalation from fires (whether natural or intentional) and occurs when 
temperatures reach above 600°F resulting in gaseous release of cyanide from toxic 
fumes [10]. 

Cyanide can affect its victim extremely quickly; how quickly often depends on 
the condition by which cyanide is being released or absorbed. For example, if the 
victim inhales cyanide in a closely enclosed area, it can cause death within 10 min. 
Cyanide’s effects are typically curtailed when it is released into a spacious/open 
area, where it can diffuse and evaporate into a large number of locations. Although 
ingesting cyanide can be detrimental, inhaling the gas presents the most harm as 
respiratory failure is the major cause of death in cyanide exposure. Cyanide is taken 
up by blood and lymphatics, and is then distributed systematically. As cyanide is 
circulated throughout the body, various cells absorb it. Entering the cells’ mitochon- 
dria, cyanide displaces oxygen bonded to protein [11, 12]. Proteins that are rendered 
inept by the actions of cyanide are called cytochrome [4]. Cyanide acts as a mito- 
chondrial cytochrome oxidase inhibitor. These inhibitors form stable complexes 
with ferric iron, thereby inhibiting cellular respiration. Cellular respiration ceases 
because the final step in electron transfer between the substrate hydrogen and oxy- 
gen in the mitochondria is blocked (essentially poisoning the mitochondrial electron 
transport chain within cells), thus effectively preventing or hindering the cells’ abil- 
ity to use oxygen absorbed from the bloodstream. Without that energy production, 
the cells throughout the body die, resulting in death [11]. Even if the victim is able 
to recover, he or she often continues to suffer from heart and brain complications 
because they require the most oxygen. 

The acuteness and severity of the clinical condition after cyanide exposure 
depend on the amount of cyanide to which the victim is exposed. A person exposed 
to a small amount of cyanide through inhalation, absorption through the skin, or 
ingestion is likely to show symptoms within minutes of exposure: rapid breathing, 
restlessness, dizziness, weakness, headache, nausea, vomiting, and rapid heart rate. 
If there is a lengthy exposure to a large dosage of cyanide, other effects may be 
exhibited, including convulsions, hypotension/shock, pulmonary edema, bradycar- 
dia followed by tachycardia, syncope, lung injury, and respiratory failure, which 
would result in death within 8-10 min. Also, being toxic itself, the chlorine in 
cyanogen chloride can cause eye and respiratory tract irritation and, potentially, 
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delayed pulmonary toxicity [12]. Over a period of years, cyanide toxicity can cause 
permanent neurologic disability, with various extrapyramidal syndromes, vegetative 
states, Parkinsonian symptoms, and dystonia syndromes all having been 
recorded [10]. 

There are various ways to restrain the effects of cyanide or to remove traces of 
cyanide. Any traces or source of cyanide on the victim should be removed by thor- 
oughly washing the region(s) with soap and water. Four treatment options currently 
exist including the use of hydroxocobalamin, sodium thiosulfate, dicobalt edetate, 
and methemoglobin forming antidotes [10]. The primary treatment process includes 
first using a small inhaled dose of amy] nitrite. Sodium thiosulfate is then applied 
intravenously. The sodium nitrate oxidizes the hemoglobin’s iron from the ferrous 
state to the ferric state, thereby converting hemoglobin into methemoglobin. 
Cyanide has a high-binding affinity for methemoglobin; as a result, instead of bind- 
ing to cytochrome oxidase, cyanide binds to methemoglobin, and the methemoglo- 
bin is converted to cyanmethemoglobin. Lastly, sodium thiosulfate is applied 
intravenously to convert cyanmethemoglobin to thiocyanate, sulfite, and hemoglo- 
bin. The thiocyanate is excreted in the urine. Sodium thiosulfate also provides a 
source of sulfur that the enzyme rhodanese—the major pathway for metabolism of 
cyanide—utilizes to detoxify cyanide [12]. Like methemoglobin, cyanide has a 
high-binding affinity for cobalt. Hydroxocobalamin, which contains cobalt, 
becomes cyanocobalamin (eliminated through urine) after binding to cyanide [12]. 
Thus, cyanide binds to hydroxocobalamin instead of cytochrome oxidase. Both pro- 
cedures are used to reverse cyanide binding to cytochrome [4]. Dicobalt edetate is 
an antidote which has high affinity to cyanide and acts by chelating cyanide to form 
cobalt cyanide, a much less toxic substance [10]. Despite its effectiveness, dicobalt 
edetate has toxic cardiovascular side effects and is often poorly tolerated, thereby 
limiting its use. To mitigate these side effects, intravenous glucose should be co- 
administered during treatment [10]. Another form of treatment for cyanide poison- 
ing is to provide the victim with oxygen and assisted ventilation. This is because the 
human liver has the ability to metabolize cyanide (particularly low doses of it). If 
the victim is kept stable with oxygen and assisted ventilation, the liver can gradually 
eliminate the cyanide. 

In the emergency setting, it is often difficult for clinicians to suspect cyanide 
toxicity as an acute dilemma, which can lead to a delay in treatment and increase in 
morbidity and mortality. If the clinical suspicion for cyanide toxicity is high, as is 
the case in any inhalational exposure from fires such as those seen in firefighters, 
immediate treatment involves 100% oxygen therapy with an immediate evaluation 
of the Glasgow Coma Scale (GCS) for said patients [10]. For any patient with a 
GCS < 8 or signs of airway compromise, assisted ventilation is indicated [10]. 


Pulmonary Agents 


The first major usage of pulmonary agents dates back to World War I. Germany 
utilized phosgene as a chemical warfare agent at Verdun in 1917. Pulmonary agents, 
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also called choking agents, are chemical weapons that preclude the victim from 
breathing normally. The primary pulmonary agents include chlorine, phosgene, 
diphosgene, and chloropicrin—with phosgene being the most commonly used and 
most dangerous. Under regular conditions, phosgene is a colorless gas that smells 
like sweet, newly mown hay. 

Pulmonary agents, specifically phosgene, can cause pulmonary edema. Its effects 
are most perilous when it is inhaled. The precise mechanism by which pulmonary 
agents work remains somewhat of a conundrum, but it is known that it affects the 
permeability in the blood—air barrier. Once phosgene is dissolved, it hydrolyzes to 
form carbon dioxide and hydrochloric acid. Release of hydrochloric acid during 
phosgene hydrolysis causes the early ocular, nasal, and central airway irritation. The 
carbonyl group readily participates in acylation reactions with amino, hydroxyl, or 
sulfhydryl groups—teactions that account for the major pathophysiological effects 
of phosgene [13-15]. Acylation occurs at the alveolar—capillary membrane and 
leads to leakage of fluid from those capillaries into the interstitial alveolar space 
[13-15]. Initially, lymphatic drainage from the parenchyma resists this leakage into 
the pulmonary interstitium, but eventually the lymphatic drainage becomes inept 
against the effects of phosgene. Following a latent period, fluid eventually reaches 
alveoli and peripheral airways, leading to increasingly severe dyspnea and clinically 
evident pulmonary edema [13-15]. 

The signs and symptoms after exposure to pulmonary agents usually start to 
appear shortly after contact. Symptoms are seen within 12 h and can cause death 
within 24—48 h. After a clinical latent period, the duration of which varies depend- 
ing on the intensity of exposure ranges from 20 min to 24 h. Phosgene produces 
mucosal irritation and pulmonary edema that leads to death. After the latent period, 
the victim typically shows mucous membrane irritation, seemingly because of the 
hydrochloric acid produced from hydrolysis of phosgene. Alongside the mucous 
membrane irritation, the victim suffers from evanescent burning sensation in the 
eyes with lacrimation, blurred vision, burning in the throat, laryngeal spasm, cough- 
ing, headache, chest pain, tightness in the chest, and coughing. The most prominent 
symptom following the clinical latent period is dyspnea. These sensations reflect 
hypoxemia, increased ventilatory drive, and decreased lung compliance as a conse- 
quence of accumulation of fluid in the pulmonary interstitium and peripheral air- 
ways [13, 14]. Cyanosis becomes visible if a large amount of hemoglobin is 
deoxygenated. Furthermore, the sequestration of plasma-derived fluid in the lungs 
may lead to hypovolemia and hypotension, influencing oxygen delivery to the brain, 
kidneys, and other crucial organs [13-15]. Normally, hypoxemia, hypovolemia, 
respiratory failure, or a combination of the three contributes to death. 

There are several treatment options for someone exposed to a pulmonary agent. 
First and foremost, one should terminate the exposure, which can be done by either 
quarantining the victim from surrounding contamination or by removing the victim 
from the contaminated environment. The ABCs of resuscitation should be per- 
formed as needed, because it is highly important that a stable, clear airway is estab- 
lished in the victim. The victim’s circulatory condition should be vigilantly 
monitored because there is the risk of hypotension provoked by pulmonary edema. 
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The victim’s physical activity must be limited also as the slightest physical activity 
may reduce the clinical latent period and intensify the severity of respiratory signs 
and symptoms. There are several ways to prevent or treat specific effects of pulmo- 
nary agent exposure. To prevent and/or treat bronchospasm, one should prepare to 
manage airway secretions. After exposure to phosgene, the airways are covered by 
moist secretions and can be treated by suctioning and drainage. Bronchospasm can 
also occur in victims who have reactive airways, and they should be treated with 
bronchodilators. Systemic steroid therapy is also indicated for treatment of bron- 
chospasm [13-15]. To prevent/treat pulmonary edema, positive airway pressure is 
useful. Also, early use of a positive-pressure mask can be helpful for monitoring the 
effects of pulmonary edema. Oxygen therapy is mandatory to prevent/treat hypoxia, 
and it might require supplemental positive airway pressure [13-15]. Intubation with 
ventilatory support may also be needed. To prevent/treat hypotension, which is 
aggravated by positive airway pressure, immediate intravenous administration of 
either crystalloid or colloid may need to be supplemented by judicious application 
of a pneumatic anti-shock garment [13-15]. 


Riot Control Agents 


Riot control agents are often used as a means of law enforcement with the intention 
of controlling or adjourning a public disturbance. They are also used for personal 
protection (e.g., pepper spray). Riot control agents exist as chemical compounds 
that cause irritation to the eyes, mouth, throat, lungs, and skin, consequently render- 
ing the victim temporarily incapable of functioning normally. Victims usually are 
forced to close their eyes and hold their breath—resulting in their becoming inca- 
pacitated. The most common riot control agents are chloroacetophenone (CN), 
chlorobenzylidenemalononitrile (CS), chloropicrin (PS), bromobenzylcyanide 
(CA), and dibenzoxazepine (CR). Riot control agents exist as solids with a low- 
vapor pressure. Therefore, they can be released into the air as fine particles or in 
solution. The primary dispersion methods include spray cans, spray tanks, or gre- 
nades. Once released in the air, the victim can be exposed to it via skin contact, eye 
contact, or inhalation. 

Once exposed to the riot control agent, the victim usually starts showing signs of 
irritation within seconds. The extent of poisoning caused by riot control agents 
depends on the amount of riot control agent to which a person was exposed, the 
location of exposure (indoors versus outdoors), how the person was exposed, and 
the duration of the exposure [13, 16-18]. Understandably, the riot control agent is 
most detrimental when it is dispersed indoors (less space to spread), and the victim 
is exposed to it for a prolonged time. The exact mechanism of riot control agents is 
not well known, but fortunately the mechanism does not have to be completely 
known to treat the poisoning. What is known is that the riot control agents act on the 
eyes and mucosal membranes, causing intense pain and lacrimation to temporarily 
incapacitate the victims. If a high concentration is disseminated, the riot control 
agent causes respiratory tract irritation. The main targets of the riot control agent are 
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sulfhydryl-containing enzymes. Inactivation of these enzyme systems is often asso- 
ciated with causing tissue injury. 

The signs and symptoms after exposure usually last 15—30 min but can last much 
longer if exposure has been prolonged. The main effects of riot control agents are 
pain, burning, and irritation of exposed mucous membranes and skin [13, 16, 18]. 
The eye is most affected by riot control agents. Once in contact with the eyes, the 
riot control agents cause a sensation of conjunctival and corneal burning and lead to 
tearing, blepharospasm, and conjunctival injection. Blepharospasm causes the lids 
to close tightly and produces transient blindness, an effect that could inhibit the 
recipient’s ability to fight or resist [13, 16-18]. The riot control agent has similar 
effects on the nose and mouth. By coming into contact with the mucous membranes 
of the nose, the agent causes a burning sensation, rhinorrhea, sneezing, and increased 
salivation. It also causes a tingling and burning sensation if it comes into contact 
with the skin, sometimes leading to erythema and hypersensitivity of the skin. Once 
inhaled, the riot control agent triggers burning and irritation of the airways with 
bronchorrhea, coughing, and perception of a tight chest or an inability to breathe 
[13, 16-18]. There is no evidence that riot control agents cause permanent lung 
damage. Although they do not specifically disturb the gastrointestinal tract, riot con- 
trol agents can cause retching or vomiting if there was a high concentration of the 
agent. The effects on the cardiovascular system are more definitive. In almost all 
victims, either prior to or immediately after exposure there is a temporary elevation 
in heart rate and blood pressure. It is believed that this increase is not due directly to 
the riot control agents but is, instead, caused by angst or the initial pain. 

The effects of riot control agents are temporary and usually begin to wane after 
15 min—once the victim exits the area of contamination to fresh, clean air. The 
victim should also quickly remove his or her contaminated clothing to accelerate the 
recovery process. However, if the victim is exposed to a high concentration or a 
prolonged duration of the riot control agent, there is a possibility that he or she may 
suffer further deterioration. Death after being exposed to a prolonged duration of 
riot control agent is due to severe airway damage. Most victims, though, do not suf- 
fer death and do not require medical treatment because the effects of riot control 
agents are self-limiting and fade within 15-30 min. Some victims, however, seek 
treatment for eye, airway, or skin irritation. The eye should be vigilantly flushed 
with water. Topical solutions or antibiotics can be used to alleviate the irritation. 
Treatment for airway irritation may become more complicated. Asthmatic victims 
can suffer from bronchospasm and mild distress hours after exposure. Victims with 
chronic bronchitis or emphysema can experience more severe respiratory distress. 
Management includes oxygen administration with assisted ventilation if necessary, 
bronchodilators if bronchospasm is present, and specific antibiotics dictated by the 
results of sputum studies [2]. Treatment of the skin can become complicated. If 
erythema persists more than 1-2 h, it may require the use of soothing compounds 
such as calamine, camphor, and mentholated creams. Small vesicles should be left 
intact, but larger ones ultimately break and should be drained. Irrigation of denuded 
areas several times a day should be followed by application of a topical antibiotic 
[13, 16-18]. 
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Irritant Fume Exposure 


Irritant fume exposure has existed for centuries under the guise of volcanic ash 
exposure resulting in severe pulmonary sequelae, both acutely and chronically. This 
has been studied retrospectively in the last several decades in those exposed to ash 
fall from the eruption of Mount Etna in Sicily [19]. Analysis of the ash revealed the 
presence of ferrous ions and high concentrations of silica in large particles. This 
exposure resulted in a significant increase in emergency department visits for those 
exposed, with the predominant acute health complaints being disease of the upper 
and lower respiratory tract, cardiovascular disease, and ocular complaints [19]. This 
was particularly present in those with pre-existing pulmonary conditions, and most 
often presented as an acute exacerbation of asthma or chronic bronchitis. 

Silicosis usually exerts its toxic effects in the respiratory system via direct 
toxicity to alveolar macrophages due to generation of free radical species [20]. In 
animal models, direct intratracheal injection of silica resulted in lysis of red blood 
cells, inflammation and fibrogenicity. This results in direct injury to type I alveo- 
lar epithelial cells, with subsequent hypertrophy and hyperplasia of type II alveo- 
lar epithelial cells. This proliferation is key in the role of fibrinogenesis and 
eventually carcinogenesis by upregulation of proto-oncogenes including c-fos, 
c-myc, and c-jun [20]. The level of injury is also directly correlated to the inocu- 
lum and level of exposure, with higher levels of silica exposure being correlated 
to more severe disease. 

More recently, irritant fume exposure from the 9/11 terrorist attacks has resulted 
in significant pulmonary side effects to those exposed during the collapse of the 
twin towers. It has since garnered significant areas of focus and research, and fire- 
fighters that were exposed to particulate matter from the buildings destruction have 
subsequently suffered from persistent bronchial hyperreactivity and an etiologic 
entity referred to as reactive airway dysfunction syndrome (RADS) [21]. Similar to 
volcanic ash exposure above, analysis of world trade center dust revealed high lev- 
els of particulate matter, with high levels of synthetic fibers and caustic, alkaline 
dust particles. This causes a similar level of direct bronchial inflammation and air- 
way hyperreactivity that can lead to exacerbations of underlying asthma or chronic 
bronchitis. 

In examined subjects exposed to world trade center dust, pulmonary hyper- 
reactivity was significantly higher in those with greater levels of dust exposure. This 
was measured via methacholine challenge testing, defined as a methacoline PC20 of 
less than or equal to 8 mg/mL. Over 25% of subjects from the high-exposure group 
demonstrated this hyper reactivity, which reached statistical significance when 
compared to moderate exposure groups and control groups [21]. This is of clinical 
significance as most people who were exposed often complained of respiratory 
symptoms within the first 24 h of exposure, and symptoms were found to persist at 
both the 3- and 6-month point after exposure. 

This is of clinical significance as the best treatment offered to these exposed 
subjects was bronchodilator therapy including, but not limited to, beta agonists and 
muscarinic antagonists—not unlike those used for asthma, chronic obstructive 
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pulmonary disease, and other respiratory conditions within the same spectrum of 
airway hyperreactivity [21]. While research is still ongoing in this field, with years 
of data still being analyzed, preliminary information shows that both acutely and 
chronically this new entity of disease fits with that of obstructive and hyper-reactive 
pulmonary diseases, and treatment modalities may therefore be similar. Regardless 
of long-term treatments, in the acute setting limiting exposure to irritant fumes with 
a goal of lowering the direct inncolum may offer the best prognosis [19, 21]. While 
long-term effects may still linger with chronic exposure, a reduction in large volume 
dust exposure with appropriate avoidance of personal protective equipment may 
result in the best outcome. 


Role of Noninvasive Mechanical Ventilation 


The main cause of death as a result of exposure to a chemical agent is respiratory 
failure. The injury could result from excessive pulmonary secretions and respiratory 
muscle paralysis due to nerve agent exposure; patchy pneumonia with purulent of 
hemorrhagic bronchitis and laryngospasm due to exposure to vesicants; pulmonary 
edema and severe hypoxemia associated with cyanide exposure; or bronchial mucosa 
irritation, excessive secretions, and pulmonary edema after pulmonary agents, riot 
control gas, and dust exposures. Mechanical ventilation is essential for stabilizing the 
airways and maintaining adequate oxygenation. The data on noninvasive positive- 
pressure ventilation (NPPV) are unclear as most of the patients are hemodynamically 
unstable with possible injury to the airways. NPPV might have a role in avoiding 
reintubation after successful intubation or might be used as a bridge from intubation 
to decrease the ventilatory days and risk of nosocomial pneumonia. NPPV can be 
used with caution in monitored settings in casualties with mild respiratory injury from 
vesicants or mild hypoxemia related to cyanide exposure during antidote therapy. 
NPPV is indicated in the treatment of non-cardiogenic pulmonary edema. It can be 
used, with caution, in patients with pulmonary edema secondary to exposure to a 
pulmonary agent. NPPV is applied with caution in critical care settings in hemody- 
namically stable patients with a readiness to intubate the patient if the condition 
deteriorates. 


Conclusion 


Pulmonary failure is the main cause of death after exposure to chemical agents. 
Mechanical ventilation is essential in the supportive care of the casualties [22]. 
Stabilizing the airways and maintaining adequate gas exchange is the goal of 
mechanical ventilation. The role of NPPV is unclear. It can be used with caution in 
ICUs. Patients should be selected properly. Hemodynamic stability is essential. 
NPPV can be applied in mild cases and within the latent period after exposure along 
with antidote therapy. Adjuvant therapy includes fluid resuscitation, intravenous ste- 
roids, bronchodilators, and antibiotics if indicated. 
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Major Key Recommendations 

e The clinical distinction between exposures to chemical agents may not 
always be apparent upon initial presentation. Therefore, the focus of each 
case should be on airway stability and the potential for future compromise. 

e Reduction in inoculum exposure, decontamination, antidote, and support- 
ive care are the main therapeutic elements. 

e The role of noninvasive mechanical ventilation is unclear at this time. It 
should be used with caution in ICU settings with a readiness to intubate. 
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Introduction 


The term chemical agent is defined as a substance intended for use in military oper- 
ations to kill or incapacitate humans. These agents have been used in warfare for 
more than a hundred years. 


A. Ubeda (&) 
Hospital Punta de Europa, Algeciras, Spain 


I. Fernandez 
Hospital Regional Universitario, Malaga, Spain 


J. V. Lourengo 
Centro Hospitalar Universitario de Coimbra, Coimbra, Portugal 


© The Author(s), under exclusive license to Springer Nature 429 
Switzerland AG 2023 

A. M. Esquinas (ed.), Noninvasive Mechanical Ventilation in High Risk 

Infections, Mass Casualty and Pandemics, 

https://doi.org/10.1007/978-3-03 1-29673-4_46 


430 A. Ubeda et al. 


Despite international prohibitions against the use of chemical weapons, large 
amounts of various agents remain available in national stockpiles in several 
countries. 

Although most of these weapons have the potential for mass casualty applica- 
tion, quite often they are used covertly with small-dose exposures that may lead to 
a delayed or subtle presentation. Because of that, it is crucial for health care provid- 
ers to be vigilant and trained to recognize signs and symptoms of a chemical agent 
exposure so as to report and treat each case appropriately. 

Otherwise, due to the big amount of chemicals used each day in industry, the 
range of hazardous materials situations that may challenge emergency care provid- 
ers is daunting. Moreover, many of these chemicals have never been tested for safety 
with respect to environmental effects or human exposure. Despite and because of 
technological advances, chemical spills and disasters will continue to occur, and 
these exposures may impact individuals or large populations. 

Although progress has been made in safer manufacturing processes, increasing 
use of personal protective equipment, and engineering controls, many of the chemi- 
cals in common use are potentially injurious. Increasing population density, settle- 
ment of high-risk areas, increasing dependence on industrial chemicals, human 
errors, and terrorism are among the many factors that cause disasters. The expan- 
sion of terrorism coupled with the potential deployment of expedient chemical 
weapons makes it clear that emergency care providers must be prepared to handle 
exposures resulting from toxic industrial materials [1]. 

The severity and potential consequences of such an exposure must be rapidly and 
accurately assessed. The concept of the toxidrome, clinical clues that point to the 
identity of a poison, is most useful. Although each poison produces a toxidrome, 
some toxidromes are more common than others, and many members of a chemical 
class may produce the same toxidrome. 


Table 1 Toxidromes associated with some industrial chemicals and chemical weapons [1] 


Route of 

Toxidrome Typical toxicants exposure Resp symptoms 

Irritant gas Ammonia, Inhalation | Mucous membrane, upper airway 

highly formaldehyde, inflammation, edema, and corrosion. 

water-soluble hydrogen chloride, Cough, airway swelling, stridor, 

sulfur dioxide laryngospasm, aphonia, shortness of 

breath, and respiratory arrest 

Irritant gas Chlorine Inhalation Inflammation, edema, and corrosion 

moderately of the upper airway and the lungs. 

water-soluble Airway swelling, stridor, 
laryngospasm, and aphonia are less 
likely than with highly water soluble 
agents 

Irritant gas Phosgene, nitrogen Inhalation | Local irritant and corrosive effects 

slightly dioxide. Symptoms include mild airway 

water-soluble irritation. Coughing, wheezing, and 
shortness of breath caused by 
non-cardiogenic pulmonary edema 
may lead to respiratory arrest 
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Table 1 (continued) 


Route of 

Toxidrome Typical toxicants exposure Resp symptoms 

Simple Carbon dioxide, Inhalation | Displacement of oxygen from the 

asphyxiant methane, nitrogen, ambient atmosphere, thereby 
propane decreasing the oxygen available to 
the lungs. Symptoms include 
shortness of breath, air hunger, rapid 
heart rate, chest pain, dysrhythmias, 
nausea/vomiting, confusion/ 
combativeness, syncope, coma, and 
respiratory arrest 


Systemic Isobuty] nitrite, carbon | Inhalation | Interference with oxygen transport 
asphyxiant monoxide, hydrogen and/or use. Symptoms may include 
cyanide, hydrogen shortness of breath, rapid heart rate, 
sulfide, hydrogen chest pain, dysrhythmias, pallor, 
azide diaphoresis, nausea/vomiting, 
confusion/combativeness, syncope, 
coma, respiratory arrest, 
vasodilation, hypotension or 
headache. Conjunctivitis and the 
odor of rotten eggs may indicate 
hydrogen sulfide poisoning. Carbon 
monoxide may present with flulike 
symptoms; cherry-red skin is a 
postmortem finding. Pulse oximetry 
may be falsely normal 


Hydrocarbons Chloroform, gasoline, | Inhalation Hypoxia, narcosis, coma, aspiration 
and halogenated _ | propane, toluene, of gases or | or chemical pneumonitis. Cough, 
hydrocarbons trichloroethylene vapors hypoxemia, nausea and vomiting 


Main toxidromes of dangerous industrial chemicals that impact respiratory tract 
are listed in Table 1. 


Nerve Agents [2, 3] 


Nerve agents are a group of organophosphates (OP) which include sarin, tabun, 
soman, methylphosphonothioic acid, and cyclosarin. That OP are usually systemi- 
cally absorbed through the inhalation or topical route and primarily act by inhibiting 
the enzyme acetylcholinesterase (AChE), which is found in the cholinergic syn- 
apses of the nervous system, neuromuscular junction, (NMJ), lung, and red cell 
membrane. 

The inhibited AChE cannot terminate normal neuronal/neuromuscular transmis- 
sions by metabolizing the acetylcholine in the synapse. This causes an increase in 
acetylcholine (ACh) in the synapses with corresponding excess cholinergic activity 
in the central, peripheral, and autonomic nervous systems. The route of exposure 
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and physical properties of the agent will determine the speed of onset and the set of 
symptoms experienced. 

In the event of a large-scale chemical attack scenario, lungs and eyes will absorb 
nerve agent rapidly, especially if the agent has been aerosolized or is a vapor. 
Patients will almost always present with miosis and some degree of autonomic 
secretions. If the exposure dose is significant, then systemic effects will occur. 
Percutaneous exposure may cause symptoms to be delayed, and casualties may 
present with more systemic and “central” features first, potentially with minimal, 
localized, respiratory tract features. The moderately and severely poisoned patients 
will likely present in a stupor, with reduced consciousness, pinpoint pupils, and 
respiratory compromise. 

Central effects include agitation, loss of consciousness, loss of respiratory drive, 
and seizure activity. Autonomic muscarinic effects produce miosis, salivation, bron- 
chospasm, bronchorrhea, bradycardia, nausea, vomiting, diarrhea, and urination, 
although symptoms and signs vary depending on the agent, route of exposure, and 
dose. Autonomic nicotinic effects can produce tachycardia, hypertension, and 
sweating. Effects on the nicotinic receptors at the NMJ can cause fasciculations and 
muscle weakness, and lead to a depolarizing block with flaccid paralysis. 

The OP compound binds to the serine residue of the AChE molecule. Oximes 
can reactivate the AChE by catalysing the removal of the phosphoryl group. The 
main therapeutic effect of this is to restore neuromuscular transmission at the nico- 
tinic synapses. However, if the OP compound is not removed through a process of 
spontaneous or assisted reactivation, an R-alkyl group will become permanently 
removed and render the enzyme non-reactivatable or “aged.” Time to ageing is 
dependent on the specific OP nerve agent. 

Several treatments are available: atropine and pralidozime (2-PAM) chloride 
which are used to reverse the effects of nerve agents. As atropine functions as a 
competitive antagonist of muscarinic ACh receptors, and ACh is the primary neu- 
rotransmitter utilized by the parasympathetic nervous system, atropine decreases 
the parasympathetic activity. Homatropine and benzodiazepine are also used. 
Homatropine is an antocholinergic medication which treats miosis and inhibits the 
PSNS by inhibiting muscarinic acetylcholine receptors. Benzodiazepine is used to 
treat seizures. 

It is important to say that respiratory failure is the main cause of death. In current 
protocols, an urgent laryngoscopy and intubation are recommended, which may be 
difficult in the setting of mass casualties. Conventional nasal/face mask and nonin- 
vasive mechanical ventilation are contraindicated in this setting because of the 
excessive pulmonary secretions and neuromuscular dysfunction [4]. 


Cyanide 
Cyanide poisoning, whether it be accidental or intentional, remains a major threat to 


civilians and military personnel worldwide. It is readily available, highly lethal, and 
easily weaponized. Oral cyanide, in particular, is the largest threat compared to 
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other routes of exposure, with potassium cyanide (KCN) and sodium cyanide 
(NaCN) being the most frequently ingested cyanide salt. 

Once absorbed into the blood stream, cyanide equilibrates between the cyanide 
anion (CN—) and un-dissociated hydrogen cyanide (HCN). In this form (HCN), 
cyanide can easily cross the cell membrane and inhibit multiple enzymes including 
succinic dehydrogenase, superoxide dismutase, and cytochrome oxidase. The latter 
enzyme is part of complex IV of the mitochondrial electron transport chain. CN— 
has a high affinity for the ferric iron on cytochrome c oxidase, forming a complex 
that leads to inhibition of the electron transport chain and, thus, aerobic respiration. 
The development of anaerobic metabolism leads to acidemia with hyperlactatemia. 
The frequently ingested forms of cyanide, KCN and NaCN, are converted to HCN 
in the acidic pH of the stomach. Compared to inhaled cyanide exposure, where 
apnea is one of the first symptoms, the onset of symptoms of oral cyanide exposure 
is not immediate. 

The signs and symptoms of oral cyanide are similar to those of inhaled cya- 
nide; however, the timing and severity differ. Exposure to cyanide via the inha- 
lation route results in symptoms within seconds of exposure, whereas symptoms 
following ingestion occurs in minutes to hours. Low-dose exposures cause 
headache, dizziness, mild confusion, abdominal cramping, nausea, and vomit- 
ing. Large-dose exposures eventually lead to dyspnea, respiratory depression, 
apnea, hypotension, arrhythmias, coma, and seizure. These large-dose effects 
can result in irreversible injury and death within minutes of the onset of symp- 
toms. Elevated blood lactate and high-venous oxygen levels are commonly seen 
in cyanide poisoning. Additional abnormal laboratory values consistent with 
cyanide poisoning also include an elevated anion gap and decreased arterial 
oxygen levels. 

The current treatment regimen for cyanide exposure is supportive care and treat- 
ment with intravenous antidote. Supportive care following ingested cyanide consists 
of administration of 100% oxygen, followed by activated charcoal, gastric lavage, 
and intravenous antidote. While these therapies are useful for treating a small num- 
ber of victims in the hospital, they are not ideal for use in a pre-hospital, mass casu- 
alty scenario [5]. 


Pulmonary Agents 


Phosgene (carbonyl dichloride) gas is an indispensable high-production-volume 
chemical intermediate used worldwide in numerous industrial processes. Published 
evidence of human exposures due to accidents and warfare (World War I) has been 
reported. Among irritants, phosgene gas is somewhat unique because of its poor 
water solubility [6]. 

Pulmonary agents, specifically phosgene, can cause pulmonary edema. Its effects 
are most dangerous when it is inhaled. Once phosgene is dissolved, it hydrolyzes to 
form carbon dioxide and hydrochloric acid. Acylation occurs at the alveolar—capil- 
lary membrane and leads to leakage of fluid from those capillaries into the 
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interstitial alveolar space. Following a latent period, fluid eventually reaches alveoli 
and peripheral airways, leading to increasingly severe dyspnea and critically evi- 
dent pulmonary edema. 

There are several treatment options for someone exposed to a pulmonary agent. 

After exposure to phosgene, the airways are covered by moist secretions and can 
be treated by suctioning and drainage. Bronchospasm can also occur in victims who 
have reactive airways, and they should be treated with bronchodilators. To prevent/ 
treat pulmonary edema, positive airway pressure is useful. Also, early use of a 
positive-pressure mask can be helpful for monitoring the effects of pulmonary 
edema. Oxygen therapy is mandatory to prevent/treat hypoxia, and it might require 
supplemental positive airway pressure. Intubation may also be needed [7]. 


Vesicants 


Vesicants are alkylating agents that affect cellular division and DNA synthesis. 
Mustard gas is one of the most notable vesicants. Other agents include lewisite, 
nitrogen mustard, and phosgene oxime. 

Vesicants are known for their delayed manifestations. The hallmark of dermal 
exposure to mustard is a prolonged asymptomatic period. The main characteristic of 
vesicants is their direct toxicity to organ tissue, inducing chemical burns on both 
external and internal body surface areas [8]. 

Respiratory tract injury occurs when the chemical is inhaled, but an evident 
injury is usually delayed from 12 to 48 h after exposure. The warm, moist environ- 
ment of the upper airway contributes to increased absorption and severe injury in 
significant respiratory tract exposures. Sulfur mustard damages the respiratory epi- 
thelium causing inflammation and necrosis. Tracheobronchial tree edema ensues, 
and injury is localized predominantly to the upper airway and large bronchi. This 
structural damage leads to clinical signs of a cough, hoarseness, excess sputum 
production, dyspnea and, in more severe high-concentration exposures, pulmonary 
edema, bronchopneumonia and acute respiratory distress syndrome (ARDS). In sul- 
fur mustard exposures, death can occur from acute pulmonary edema or secondary 
pulmonary infection. Chronic low-level exposures result in chronic bronchitis, 
decreased lung volumes and chronic cough. 

There is not antidote for sulfur mustard exposure, and treatment after decontami- 
nation is largely supportive [9]. 


Riot Control Agents 


2-Chloroacetophenone (CN), o-chlorobenzylidene malonitrile (CS), and oleoresin 
capsicum (OC) are common riot control agents. They are highly potent irritant inca- 
pacitating agents commonly used by law enforcement agencies. 

The effects of these agents are related to the concentration of the compound 
and duration of exposure. Deaths have been reported following exposure to CN, 
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typically at high concentrations in an enclosed space for an extended period 
of time. 

The eyes and respiratory systems are the primary target organs, with onset of 
ocular and respiratory tract irritation occurring within 20-60 s. The ocular symp- 
toms include pain, blepharospasm, photophobia, conjunctivitis, diffuse conjunctival 
and scleral injection, periorbital edema, eyelid erythema, and lacrimation. Following 
inhalation, effects can include a stinging or burning sensation in the nose, tightness 
and pain in the chest, sore throat, sporadic breath holding, dyspnea, coughing, 
sneezing, and difficulty breathing. Copious rhinorrhea may occur along with saliva- 
tion and burning sensation in the mouth and tongue. Persistent coughing may also 
contribute to retching. Further systemic effects may appear if used in very high 
concentrations which can be bronchospasm, laryngospasm, hemoptysis, reactive 
airways dysfunction, chemical pneumonitis, pulmonary edema, asphyxia, heart fail- 
ure, hepatocellular damage and death. 

While the majority of respiratory symptoms are mild, monitoring and support of 
respiratory function are important in any symptomatic patient. Pulse oximetry and 
arterial blood gases should be monitored. If significant respiratory distress devel- 
ops, initial supportive treatment includes oxygen administration. Along with contin- 
ued oxygen therapy, inhaled bronchodilators such as B-2-agonists may assist those 
with bronchospasm and/or obstructive changes on lung function tests. Inhaled ste- 
roids may also assist in patients with bronchospasm. Respiratory failure may rarely 
occur secondary to laryngospasm; airway protection and assisted ventilation may be 
required [10]. 


Role of NIMV 


The main cause of death in patients exposed to a chemical agent is respiratory fail- 
ure. The chemical agent may cause excessive respiratory secretions, respiratory 
muscle paralysis, pneumonia, laryngospasm, pulmonary edema, and severe hypox- 
emia. Mechanical ventilation is essential for stabilizing the airways and maintaining 
adequate oxygenation. 

The data on NIMV are unclear as most of the patients are hemodynamically 
unstable with possible injury to the airways. 

Based on some similarities which exist between chemical induced acute lung 
injury (ALI) and that seen in patients with non-toxic ALI or ARDS, including 
hypoxaemia, alveolar capillary damage characterized by inflammation, increased 
alveolar—capillary permeability, leading to the development of alveolar edema. It 
would be reasonable to assume that treatment developed for ALI of non-chemical 
origin could be used to treat chemically induced ALI. 

Animal models suggest that early initiation of continuous positive airway pres- 
sure after 1 h of exposure and before development of overt clinical signs may reduce 
or ameliorate lung injury and improve survival [11]. 
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NIMV might have a role in avoiding reintubation after successful intubation or 
might be used as a bridge from intubation to decrease the ventilator days and risk of 
ventilator associated pneumonia. 

Moreover, NIMV could be used with caution in monitored settings in casualties 
with mild respiratory injury from vesicants or mild mypoxemia related to cyanide 
exposure during antidote therapy. 


Conclusions 


The main cause of death after a chemical agent exposure is respiratory failure. 
Mechanical ventilation is essential in that cases in which stabilizing the airway and 
maintaining adequate gas exchange is a must. The role of NIMV is unclear. Animal 
models suggest that early use of NIMV might reduce lung injury and reduce days. 
It can be used in ICUs with extreme caution and in properly selected patients. More 
studies are needed to evaluate the usefulness of NIMV in this field. 
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Introduction 


Noninvasive ventilation (NIV) refers to the delivery of mechanical ventilatory sup- 
port through an artificial interface without the need for an invasive airway. It is 
intended to attain greater patient comfort, convenience, and safety than invasive 
mechanical ventilation (IMV). Given such merits, it has gained wide acceptability 
in varied settings. Though discouraged in high-risk pulmonary infections concern- 
ing the possible risk of disease spread, Simonds et al. challenged this concept. He 
showed that “how NIV is not an aerosol-generating procedure” and instead pro- 
duces air droplets of greater than 10 pm size, which settle down within an area of 
1 m’ around its generation source [1-3]. If healthcare workers (HCW) working 
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Table 1 Applicability of 
NIV in high-risk infections 


Indications 


Mild-to-moderate acute hypercapnic/hypoxemic respiratory 
failure 


Post-extubation respiratory support in resolving acute 
respiratory distress syndrome 


Contraindications 


Severe or refractory hypoxemic/hypercapnic acute respiratory 
failure 


Rapid development of acute respiratory distress syndrome 


Multiorgan failure 


Pneumonia 


within this zone wears a full personal protective guard (PPG), it does not pose an 
increased risk of disease spread. The studies identifying procedures with potential 
to generate significant aerosols indicate tracheal intubation as a high-risk factor for 
disease transmission [4, 5]. Though it may appear that IMV being a closed-circuit 
system reduces the aerosol generation, the risk of disease transmission is, in fact, 
higher taking into account a higher need of nursing care and thus contact with intu- 
bated patients [5]. Thus, the priority to choose NIV over IMV become even more 
crucial if such patients could avoid tracheal intubation. The subsequent literature 
has highlighted its applicability and advantage in high-risk infections, especially 
tuberculosis, and COVID infections. Though the current guidelines still do not rec- 
ommend general NIV use in high-risk infections, careful patient selection under a 
strict protective environment may be a reasonable option (Table 1). This chapter 
reviews the current literature and evidence on its use and outcome for such infections. 


NIV Settings and Choice of Interface 


The NIV is included in the list of aerosol-generating procedures by various studies 
due to its potential for spreading high-risk pulmonary infections [6, 7]. The inter- 
face used to deliver air in NIV acts as a critical factor that may reduce the environ- 
mental contamination by acting as a barrier device or allowing infection to spread, 
through air leakage across the loose fit interface [8]. In patients undergoing NIV, 
there is substantial dispersion of exhaled air particles up to a distance of 0.5—1 m 
around the exhalation port over various therapeutic inspiratory and expiratory posi- 
tive airway pressures (IPAP and EPAP), even in negative-pressure isolation rooms 
[6]. Thus, the literature advocates selecting an interface with a predictive area of 
exhaled air dispersion to minimize the risk to HCW. The full-face mask is a com- 
mon choice among the available interfaces due to its efficacy, acceptance, and theo- 
retically less leakage than nasal masks [9]. The other issue is to choose between 
vented (single circuit) or non-vented masks (double circuit). Considering a higher 
potential for room air contamination with vented masks, the non-vented one with 
the double circuit is the usual choice in high-risk infections [1]. If using vented 
masks, it is essential to avoid face masks with whisper swivel attachment to limit air 
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dispersion from the exhalation port [10]. The mask fit is equally vital for the safe 
and acceptable use of NIV. A tight fit face mask minimizes the leakage but may 
cause skin necrosis, especially over the nasal bridge [10, 11]. Thus, it is advisable to 
start NIV at low-pressure bilevel positive airway pressure (BiPAP) settings (IPAP 
8-10 cmH,O, EPAP 5 cmH,0), although continuous positive airway pressure may 
be used as per indication. Use of high IPAP or positive end-expiratory pressure 
(PEEP) settings with face mask causes more air leakage, thus causing higher disper- 
sion of infective respiratory aerosol [10]. The helmet interface is handy in this 
regard avoiding such complications and least leakage at higher pressures [12]. 
Attaching a high-efficiency particulate air (HEPA) filter before the exhalation port 
of face mask, and avoiding heated humidification and circuit disconnection, may 
reduce the risk of disease transmission in high-risk infections. The ventilator should 
be switched-on only after securing the mask and switched-off before disconnecting 
the ventilator. In the case of circuit disconnection, the ventilator should be switched 
off immediately [13]. The NIV interface and patient circuit should be non-reusable 
and disposed-off after use as per infection control protocols [11]. 


Current Evidence on Various High-Risk Infections 
NIV in Pulmonary Tuberculosis 


Tuberculosis has remained a global health hazard, though disease burden is more 
confined to the developing nations. Patients usually present to the emergency depart- 
ment with acute respiratory failure (ARF) due to rapidly progressive tuberculosis 
secondary of interstitial edema/acute respiratory distress syndrome (ARDS), or 
with chronic respiratory failure (CRF) as a result of post-tuberculosis pulmonary 
sequelae due to gradual disease progression to fibrocavitatory lesions [14-17]. NIV 
has been successfully used in both situations to recover patients from respiratory 
deterioration and to reduce mortality. It avoids the need for IMV and minimizes the 
associated complications like nosocomial pneumonia and barotrauma [18]. The 
choice for NIV interface is usually an oronasal or full face mask. The commonly 
reported complications include oral/nasal dryness/congestion, gastric distension, 
and eye irritation [19]. The reported NIV failure rates are up to 13.8% and 24% with 
oral and nasal NIV masks, respectively, though documented under variable patient 
subsets [19, 20]. The factors influencing the likelihood for NIV failure include poor 
patient compliance/willingness, initial presentation as severe or refractory respira- 
tory failure, malnutrition (low-body mass index, low-serum potassium), abnormal 
arterial blood gas parameters (lower pH), and associated secondary infection (higher 
TLC) at admission to the emergency department (ED) [19-21]. The reported mor- 
tality rates usually vary from 9 to 15%, except in one study (83%) with sicker 
patients [19-23]. Those who recover successfully may still require home NIV due 
to limited lung reserve. Regular use of NIV with good compliance results in 
improved survival of follow-up patients on home NIV ventilation. Though most 
studies have documented no HCW transmission, such patients should be kept in 
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negative-pressure rooms (with auto-door closure) with proper air exchange (6/h for 
existing facilities and 12/h for a new one). The HCW should follow standard proto- 
cols for personal protection (N95 masks), and surface disinfection should be used to 
minimize the disease transmission [24]. The comparative overview of the literature 
on outcome following NIV use is summarized in Table 2 [19—23, 25-30]. 


NIV in Patients with Severe Acute Respiratory Syndrome 


Severe acute respiratory syndrome (SARS), having its origin from Guangdong, 
China, spreads through droplet/fomite transmission via close human contact. During 
its outbreak in 2002, nearly 20% of patients progressed to ARDS, pneumonia, and 
consolidation, primarily due to immune-mediated lung injury during the second 
phase of illness, necessitating ventilator support [31]. As it corresponds to high- 
viremia load in the nasopharynx, HCWs in close contact with patients are at high 
risk of contracting the infection. Thus, the procedures involving airway manipula- 
tion (intubation, bronchoscopy) are steadily associated with the transmission of 
infection [4]. The literature supporting NIV use in SARS shows varied results dur- 
ing ARF but consistently advocates using strict aseptic precautions, wherever NIV 
is feasible as initial ventilator support. Apart from general recommendations, it 
includes using a full PPG kit, negative pressure isolation rooms with air purification 
respirators for patients, proper environment/equipment disinfection, >12 air 
exchange/h, use of video camera to monitor patients, avoid unnecessary patient 
transfer, and provision for proper waste disposal to safeguard the HCWs from dis- 
ease [7, 32]. The summary of the literature and their results have been outlined in 
Table 3 [5, 7, 33-38]. Face masks were the standard choice for the use of NIV dur- 
ing the outbreak. The reported failure rates were highly variable, but around 20-38% 
reported by different studies [7, 33-38]. The risk factors for NIV failure included 
extensive chest infiltrates, bad chest X-ray (high-chest X-ray score), severe clinical 
symptoms, and poor arterial blood gas(ABG) parameters. The use of high-dose ste- 
roid and early NIV application was associated with a better outcome [34]. Few 
reported life-threatening complications associated with NIV use included chest 
barotrauma and nosocomial pneumonia [37, 38]. The reported mortality rate also 
varied widely from 0 to 35%. Though reports of disease transmission to HCW var- 
ied widely, NIV can be safely used in SARS patients with full protective precau- 
tions as advocated. 


NIV in Patients with Influenza A (H1N1) Virus Infection 


Influenza virus undergoes continuous genetic mutations, giving rise to recurrent 
worldwide epidemics/pandemic, most recent being the HIN1 genome infection 
which began in 2009 from Mexico. The patients requiring intensive care unit (ICU) 
admission account for 30% of the population and present as hypoxemic ARF, 
ARDS, pneumonia, or multiorgan failure (cardiorespiratory, renal, hepatic, neural) 
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[39-41]. The intubation rate is relatively high (60%), with up to 50% mortality 
reported in such patients [42-45]. The leading cause is refractory hypoxemia sec- 
ondary to pneumonitis. The underlying comorbidities, including chronic obstructive 
pulmonary disease (COPD), asthma, or cardiac failure, further deter the prognosis 
[46]. The utility of NIV for acute respiratory failure in H1N1 infection is controver- 
sial. Various studies have shown a considerable disparity in results; the reported 
NIV failure rate varies from 13% to as high as 100% [42, 44, 45, 47-54]. It could 
be related to heterogeneity among the included patients for NIV use. The factors 
associated with high-NIV failure and mortality included old age, severe disease 
presentation (high APACHE II/SOFA II/SAPS score, bilateral chest infiltrates, high 
C-reactive protein), and early progression (48-72 h) to ARDS, septic shock, dis- 
seminated intravascular coagulatin (DIC), and multiorgan failure [42, 44, 45, 47, 
51-53]. As the recovery from H1N1 pneumonitis is slow, it contributes to associated 
ICU comorbidities and complications, and NIV becomes less effective. The Spanish 
Society of Intensive and Critical Care Medicine and Coronary Units recommended 
lung-protective IMV for HIN1I ARDS and avoiding using NIV because of aerosol 
transmission risk [55]. The European respiratory society (ERS) and European soci- 
ety of intensive care medicine (ESICM) also recommended against using NIV in 
patients presenting with ARF at risk for early deterioration to ARDS [11]. It should 
be considered only in young patients, presenting early with pneumonia induced 
hypoxemia, having lesser severity of illness (PaO,/FiO, > 250/low APACHE ID), 
and absence of any organ failure. Even in such patients, close monitoring in a 
closed-controlled environment (high dependency unit/ICU with separate negative 
pressure cubicles) and continuous observation for any sign of clinical deterioration 
and periodic blood gas assessments are mandatory. A lack of improvement within a 
few hours after NIV initiation mandates early intubation. NIV could also be justi- 
fied in other areas, including ARF secondary to cardiogenic edema, COPD exacer- 
bation, or post-extubation respiratory failure [55]. A full-face mask or helmet NIV 
interface offers better efficacy and less aerosol transmission risk than other tradi- 
tional masks [56]. A proper case selection for NIV initiation may halt the disease 
progression, reduce the ICU and hospital stay, and decrease the associated morbid- 
ity and mortality [44]. The recommendations for required aseptic precautions are 
similar to that for SARS infection. A summary of published studies on NIV in 
HIN1 is shown in Table 4 [42, 44, 45, 47-54, 57-59]. 


NIV in Patients with COVID 19 Infection 


After its detection in late December 2019, the novel coronavirus or severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) spread worldwide in a matter of 
weeks and declared as a global pandemic by WHO on 12th March 2020. Most of the 
infected patients (81%) had trivial respiratory symptoms, around 14% developed 
hypoxemia/bilateral lung involvement, and the remaining progressed to severe ARF, 
ARDS, circulatory shock, and multiorgan failure [60]. Early during the pandemic, 
it was advised to initiate IMV early in the disease course if the free flow oxygen 
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requirement goes beyond 6 L/min and avoid any high-flow oxygen therapy or NIV 
use, considering the aerosolization risk and HCW contamination [61]. However, 
intubation of suspected COVID 19 patients with respiratory distress who later tested 
negative appeared unnecessary, as they could improve with less invasive techniques. 
Likewise, early intubation of a COVID-19 patient is unnecessary who could other- 
wise improve with NIV therapy, especially in resource-limited settings. Moreover, 
aerosol dispersion with a nasal cannula or endotracheal intubation was much higher 
(100 cm) compared to tight-fitting full-face mask/helmet interface with a minimal 
spread [62, 63]. European respiratory society and Italian society recommend helmet 
interface, as it minimizes the room contamination [64, 65]. There was also a higher 
incidence of HCW contamination in general wards than in ICUs (78% vs. 5%). The 
lesser protective measures in these low-suspicion areas accounted for increased dis- 
ease transmission [66]. The studies comparing the proportion of HCW transmission 
before and after NIV initiation show a similar contamination incidence (6% vs. 
10%) [67]. Through strict use of proper aseptic and protective precautions (as rec- 
ommended for SARS infection), most studies have documented minimal evidence 
of transmission to HCWs. A summary of published studies on the use of NIV in 
COVID 19 is shown in Table 5 [67-74]. 

The various studies showed that NIV use might stabilize patients with mild-to- 
moderate hypoxemic ARF, provided the patients do not have a high-respiratory 
drive [70, 73, 74]. The WHO also advocated using NIV to avoid intubation in 
hypoxemic ARF/early ARDS secondary to COVID pneumonitis, in cooperative 
patients without any organ failure [75]. A trial of NIV should be no longer than an 
hour to avoid the failed recognition of respiratory decompensation. The need for 
higher respiratory pressures or its rising trend increased work of breathing and dete- 
riorating ABG parameters during NIV again indicates a need to switch to 
IMV. Though some studies have documented NIV feasibility in moderate-to-severe 
ARF, underlying heterogeneity in the included sample and retrospective nature can- 
not account for a strong recommendation for its use in such settings [67, 68]. The 
factors contributing to NIV failure in these studies included older age, severe dis- 
ease, multiorgan failure, sepsis, higher d-dimer/SOFA, and low PaO,/FiO, ratio 
[68-74]. The time to NIV failure varied widely even within the studies, possibly due 
to different time intervals from disease onset to need of NIV. The American Thoracic 
Society/ERS though made no recommendation for the use of NIV but advised to use 
NIV in selected patients under an experienced ICU team using adequate protective 
measures [76]. According to included patients’ subset, the reported failure rate has 
varied but approximately 23-45% in most studies. The variability in the choice 
among NIV/IMV was further affected by the limited resources. The overall mortal- 
ity in those initiated on NIV varied from 20 to 62%, but around 70-90% in those 
failing NIV [68-74]. 
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Conclusion 


. NIV is a feasible ventilatory strategy for patient at risk of high-risk pulmonary 


infections, provided it is initiated early in selected patients at early disease stage, 
and under the cover of full PPG with all aseptic precautions. 

The helmet/full face mask interface, double circuit, high-efficiency particulate 
air (HEPA) filter, avoidance of whisper swivel mask, and negative pressure room 
could minimize the risk of aerosol transmission. 


. NIV has been successfully used in both acute and chronic respiratory failure to 


recover tuberculosis patients and to reduce morbidity and mortality. 
NIV can be safely used in selective SARS, H1N1, or COVID 19 patients with 
full protective precautions as advocated. 
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NGT Nasogastric tube 

NIH-SS National Institute of Health-Stroke Scale 
NIV Non invasive ventilation 

NYHA New York Heart Association 

PEG Percutaneous endoscopic gastrostomy 

PPI Palliative Prognostic Index 

PPS Palliative Performance Scale 
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Introduction 


Death is a biological phenomenon that represents the last phase of life for persons 
and, at the same time, it is an integral part of life on a physical, psychic, and social 
level. Death can be fast or slow. If death is sudden and fast, it does not constitute a 
problem of care for the individual who disappears. On the other hand, when there is 
a long waiting period and death is expected within a certain period of time, we are 
facing the terminal phase of the disease. This phase concerns individuals affected by 
an incurable pathology that determines in a more or less rapid way the progressive 
deterioration of the state of health and the loss of personal and social autonomy [1]. 
In a context of this type in which it is no longer possible to “heal,” the need to “cure” 
the person as a “whole” (body, mind, and spirit) becomes preponderant shifting the 
perspective of the intervention from treating the disease to taking care of the person. 
Death is not the defeat of medicine but on the contrary medicine with its continuous 
progress can effectively help people to face this important phase of life in the best 
possible way. Unfortunately, it is evident that the increasing aging of the population 
does not correspond to a greater effort in identifying specific clinical-assistance 
paths in the management of the last stages of life for the elderly person. Although 
medical treatments are technologically advanced, they do not promise any healing, 
they can sustain life with or without meaningful existence or with secondary sup- 
port (such as feeding tubes, noninvasive mechanical ventilation, etc.). Hence, these 
medical advances have given patients and their families (delegates) an important 
task of choosing their treatment preference during end-of-life care. It is therefore 
necessary for geriatrics, intensive, and palliative care experts to work together in 
order to share specific models of care for the older patient and their families [2]. 
Furthermore, some studies reported that many patients with acute respiratory failure 
(receiving noninvasive ventilation or oxygen with a high-flow nasal cannula) has a 
do not intubate (DNI) order [3]. The rate of patients with a DNI order has increased 
in last years and there is high inter-study variability both in non-intubation rates 
(especially in advanced aging and older patient with high comorbidity) and in 
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patient/family involvement in do-not-intubate decision-making processes. Studies 
in this area are still insufficient and often controversial [4]. 


Ethical Evaluation 


Access to intensive care is appropriate for all those patients who need active moni- 
toring and support of vital functions that have become insufficient (respiratory, car- 
diovascular, neurological, and metabolic). The decision whether to proceed with 
hospitalization or discharge from the intensive care unit cannot be separated from a 
global assessment of the patient that takes into account two aspects, both important 
and closely connected, which are the ethical and the clinical evaluation. 

In accordance with all international documents [5—7], an ethical evaluation must 
take into consideration the following ethical principles: autonomy, beneficence, 
non-maleficence, and justice (see Fig. 1). 

The first ethical principle is “autonomy” concerning the patient’s right to self- 
determination regarding the own health choices. Patient involvement in decisions 
can only take place in the face of precise and detailed information from the care 
team regarding the clinical conditions, therapeutic possibilities, and realistic 
expected results through the acquisition of informed consent. Therefore, a dialogue 
between health professionals and patient/family is necessary in order to explain the 
health and care objectives. The informed consent is strongly related to the assess- 
ment of patient’s decision-making capacity (DMC) for treatment. Infact, the con- 
cept of “mental capacity” refers to the ability of an individual to make decisions. 
The mental capacity of a person may vary depending on different factors such as the 
environment, level of education, personality, health status, communication prob- 
lems, etc. [8]. The prevalence of the cognitive impairment without dementia steadily 


Fig. 1 Core ethical 
principles underpinning 
any decision-making Autonomy 
process before admission 
to Intensive Care Unit or 
intensive treatment 
(especially in a person at 
the end of life) 


Avoiding hon 


maleficence 


harm and 
Doing good 
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increases with age and affects a large part of the elderly population, and this is a 
condition that is frequently observed in patients who could be admitted to an inten- 
sive care unit and must be evaluated by physicians before a DNI order. 

However, in intensive care often one has to deal with patients who are generally 
unable, either due to the disease in progress or due to the therapeutic need for phar- 
macological sedation, to express consent to treatment. In these cases, in the absence 
of advance directives from the patient, it is essential to reconstruct the patient’s will 
through the testimony of family members (substitute judgment or delegate) and 
seeking the best interest of the patient through the balance between the expected 
benefits and the severity of the treatment. 

In all situations of chronic diseases, the formulation of an advance planning of 
care should therefore always be encouraged, thanks also to the intervention of the 
doctor or other specialists who treat the patient so that his wishes are respected in 
cases where a mental incapacity due to the worsening of the clinical condition. In 
Italy, this is possible and thanks to Law 219 of 2017 [9] which defines the rules on 
informed consent and advanced directives (AHCD). The objectives of the AHCD 
are to ensure that the care programs reflect the patient’s will as much as possible, 
reducing the risk of insufficient or excess treatments and also the emotional burden 
of decisions that would otherwise weigh on family members, ultimately preventing 
conflicts, decision-making between family members or between them and care staff. 

Another important issue is that the communication of the truth since very often, 
even today, the diagnostic reality is shamefully hidden from the patient by doctors and 
family members. According to the philosopher-ethicist JF Malherbe “telling the truth 
to the person concerned is a moral rule that should govern all human relationships. 
The truth is not always convenient, but if it is not told it must be kept silent with every- 
one. Telling everyone, except the person concerned, is the worst that can be done” [10]. 

The principle of “beneficence” refers to the moral obligation to act for the good 
of others through the prevention-removal of evil or damage and the promotion of 
good. This principle is the basis of medicine, whose mission is precisely preventing, 
diagnosing, and treating diseases in order to promote patient health. This means that 
doctors can act in the best interest of the patient even by refraining from acting and/ 
or acting with caution, always from the point of view of the benefit for the patient 
and his needs. However, cultural and ethical developments they have gradually led 
to the addition of autonomy to this principle, supporting one more subjective inter- 
pretation of the patient’s “best interest.’ The principle of “non-maleficence” was 
well known to doctors ever since of the Hippocratic precept of primum non nocere. 
Non-maleficence includes do not harm the patient and the need to assess the risks 
and the benefit/risks ratio balance of a treatment that, although effective, it could be 
harmful to the patient. The principle of non-maleficence is reflected in a number of 
legal provisions with respect to intentional medical negligence, in which the patient 
has been intentionally injured, or negligent negligence, where the damage was 
caused by negligence, inexperience, recklessness or failure to comply with laws, 
regulations or standards of care correctly. The principle of “justice” refers to the 
obligation to treat all patients without limitations related to age, sex, social status, or 
religious belief. The only criteria to be used are related to clinical appropriateness 
and ethical lawfulness. However, the concept of justice is not limited only to the 
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patient’s right to access available treatments, but also to the correct distribution of 
resources, especially in a context of their scarcity. Performing treatments that are 
unlikely to be beneficial for the patient makes it impossible to offer effective thera- 
pies to other patients who could benefit from them [11]. These four principles are 
then closely connected with another important concept related to the “proportional- 
ity of care” which defines the appropriateness of a treatment based on some ele- 
ments: improvement of the quality of life, prolongation of survival, probability of 
success, and burdens (in terms of stress and suffering) related to the treatment itself. 
Ultimately, the appropriateness of care is inversely proportional to the burden and 
directly proportional to the improvement in the quality of life and probability of 
success. A treatment should be applied if it can reasonably lead to a benefit. 

An emerging issue is the management of elderly patients with multimorbidity, 
cognitive impairment, and respiratory failure due to Covid-19 which requires hos- 
pitalization in intensive care and that could be placed in the category of DNI orders. 
In fact, public health emergencies require clinicians to change their practice to 
respond to the care needs of populations. The shift from “patient-centered practice” 
to “patient care guided by public health duties” creates great tension for clinicians 
because of contrast between the “duty of care” (focus on individual patient) whose 
goal is to relieve suffering and respect the rights and preferences of patients and 
“duties of public health” that recognizes moral equality of persons, promote equity 
in distribution of risks and benefits, promote public safety, protect community 
health, and fairly allocate limited resources [12]. 

For example, guidelines on attempting cardiopulmonary resuscitation (CPR) 
[13] or Clinical Ethics Recommendations for the Allocation of Intensive Care 
Treatments in exceptional, resource-limited circumstances published by SIAARTI 
(Italian Society of Anesthesia, Analgesia, Resuscitation and Intensive Care) in the 
intensive care for older patients with covid-19, have produced conflict and moral 
discomfort because of differences of opinion about the balance of benefits, the need 
of treatments and care for everyone, and risks to both patients and staff [14]. In fact, 
special attention should be paid to some vulnerable populations because of particu- 
lar risks/burdens that these groups may incur during a pandemic event; this is not 
necessarily it means they deserve special or different treatment but we should think 
about how these groups can be managed according to appropriateness and quality of 
care. A review study [15] that reported literature focusing on older critically ill 
patients to support physicians in the multiple-step decision-making process shows a 
wide variation in triage practices, treatment intensity levels, end-of-life practices, 
discharge practices and frequency of geriatrician’s involvement. 


Clinical Evaluation 


The physicians must assess whether there are (in relation to the acute pathology in 
progress and the multimorbidity), “reasonable prospects for recovery” such as to 
make the clinical efficacy of intensive care in relation to clear and defined health 
objectives/benefits. The main clinical factors to be assessed are: 
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— Biological age: In the older patient, particular attention must be paid to the pres- 
ence of concomitant diseases, the reduction of functional reserves and the lim- 
ited prospects for treatment. The appropriateness of intensive treatments should 
not be limited by age since it is not always correlated with the biological age of 
the patient; 

— Personal biography: The decision-making process must take into account the 
preferences and values that have characterized the patient’s life history; 

— Concomitant diseases: It is necessary to evaluate especially if there are chronic- 
degenerative pathologies that reduce functional reserves and have unfavorable 
effects on the prognosis; 

— Seriousness and prognosis of the current critical state: In intensive care, it is not 
indicated to admit patients in whom it is unlikely that benefits will be obtained 
with intensive treatments in terms of survival and residual quality of life. This 
applies to patients in the terminal phase of the disease (advanced dementia, neo- 
plastic patients not responding to specific treatments, irreversible multi-organ 
failure, etc.); 

— Previous and predictable quality of life: If it is very low it is not recommended to 
start an intensive treatment as it would produce more harm than good. 


Intensive treatment should be reserved for patients with reversible acute illnesses 
or exacerbated chronic conditions in whom resolution or good recovery is reason- 
able to expect [16]. 

Hospitalization and discharge from the ICU can be guided by a priority scale in 
descending order based on the potential benefit expected from the ICU: 


¢ Priority 1: Patient in critical condition requiring intensive treatment and moni- 
toring: insufficiency of post-operative, post-traumatic vital functions, respiratory 
and cardiovascular insufficiencies that require artificial ventilation; 

¢ Priority 2: Patients requiring intensive monitoring and potential immediate inva- 
sive treatment: chronic diseases exacerbated by medical or surgical 
complications; 

¢ Priority 3: Patients in critical condition due to acute pathology in which the 
response to intensive treatment must be defined and, if necessary, therapeutic 
limits must be set: very elderly patients, patients with complicated neoplastic 
disease; 

¢ Priority 4: Patients for whom intensive treatment is not appropriate. 


When there is no certainty about the irreversibility of the clinical condition with 
intensive treatment or when the patient’s will is not clear, it is always preferable to 
undertake intensive treatment, reassessing progress or not at a distance. When inten- 
sive treatments are continued despite there are no benefits for the patient in terms of 
prognosis and quality of life, it is configured as “inappropriate treatment due to 
excess or persistent therapy.” Therapeutic relentlessness is always to be avoided as 
it leads to an increase in the patient’s suffering with a worsening of his quality of 
life, as well as an improper use of care. In case of an unfavorable prognosis, it is 
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ethically and clinically correct to limit intensive treatments in order to reduce the 
patient’s discomfort. From an ethical point of view, not starting or suspending inten- 
sive treatment is equivalent even if the choice of suspension has a greater negative 
psychological impact and burden on medical team. 

In order to help clinicians in the difficult process of end-stage patient identifica- 
tion, SIAARTT has formed a working group of palliativists, organ specialists, gen- 
eral practitioners, nurses, bioethics, and law experts who have produced a document 
[17] in which specific and general clinical criteria are defined for the various chronic 
diseases useful for evaluating the option of palliative rather than intensive treatment. 
There are no instrumental or laboratory tests to formulate the diagnosis of terminal- 
ity with certainty, but there are some specific approaches that help in this condition. 

A summary of all specific clinical criteria to begin discussing the proposed pal- 
liative rather than intensive treatment is contained in Table 1. 

Table 2 lists the general criteria that, regardless of the type of chronic-degenerative 
disease, facilitate the classification of the patient as potentially end-stage in con- 
junction with the other clinical elements previously exposed. 

Besides the clinical evaluation through the previous clinical criteria, it is also 
possible to use other scales that allow a functional and prognostic assessment such 
as Palliative Performance Scale (PPS) [18], Functional Assessment Stages (FAST) 
[19] used in advanced dementia especially, and Palliative Prognostic Index (PPI) 
was defined by performance status, oral intake, edema, dyspnea at rest, and delirium 
[20]. In the elderly patient, Clinical Frailty Scale (CFS), a clinical scale to assess the 
level of frailty in patients over 65 years of age, has a growing interest [21]. This tool 
consists of nine categories and ranges from the very fit patient (level 1) to the termi- 
nally ill (level 9). Scores below 5 identify patients who may benefit from intensive 
treatment in a hospital setting, while values above 5 correspond to patients who are 
likely not to benefit from intensive treatment in a hospital setting, for whom symp- 
tom management and pathway are more suitable palliative care. An increased CFS 
is associated with a higher risk of mortality and complications such as falls, reduced 
mobility and adverse events. A recent meta-analysis shows that an elderly with 
high-CFS values have higher hospitalization risks and higher mortality in intensive 
care (ICU) [22], and another study showed that in critical patients over 80 years 
with high frailty (CFS > 5), the 30-day mortality in ICU exceeded 30% of cases and 
consecutive classes in Clinical Frailty Scale were inversely associated with short- 
term survival [23]. The National Institute for Health and Care Excellence (NICE) 
guidelines, recently revised to define the criteria for admission to intensive care 
during the Covid-19 pandemic emergency, allow to identify the levels of frailty 
using the CFS (Clinical Frailty Scale) tool, as part of a global and comprehensive 
assessment available on the NHS Specialized Clinical Frailty Network website [24, 
25]. The search for a better predictive accuracy is even more difficult in the elderly 
due to the greater complexity characterized by the simultaneous presence of multi- 
morbidity, polytherapy, functional, and cognitive impairment. In the older patient, it 
is not correct to have an approach based on the evaluation of the single disease, but 
it is always necessary to consider the global health status that is the result of the 
integration between chronic diseases and their implications in the physical, mental, 
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Table 1 Specific clinical criteria 


Chronic heart failure NYHA IV class 

(with optimal medical >1 hospitalization in the last 6 months 

therapy) Peripheral hypotension or fluid retention 

Need for frequent or continuous infusional drug support 
Poor response to cardiac resynchronization when indicated 


Cachexia 
Chronic respiratory Age > 70 years 
failure (COPD) FEV 1 < 30% predicted 


Dependence of oxygen therapy 

>1 admission/year in hospital for COPD exacerbation 
Congestive heart failure or multimorbidity 

Weight loss/cachexia 

Reduced functional autonomy 

Increased dependence 


Chronic respiratory Age > 70 years 

failure (IPF) Histologic pattern “UIP” (if known) 

Dependence of oxygen therapy 

Radiological aspect of “honeycomb” at chest-X-ray 
Reduced functional autonomy 

Increased dependence 


Chronic renal failure Age > 75 years 

Advanced neoplasm 

Severe malnutrition 

End-stage cardiac or pulmonary disease 

Vegetative state 

Severe cognitive impairment 

Multiple organ failure in intensive care unit 

Stroke NIH-STROKE SCALE SS > 20 for left injuries.; > 15 for right 
injuries 

Early onset of headache + nausea/vomiting in the first 6 h 
Early ipodensity in CT > 50% Sylvain arterial territory 
Age > 75 years 

Previous strokes 

Atrial fibrillation 

Impaired state of consciousness at the onset 

Conjugate deviation of the gaze 

Fever 


Parkinson’ s disease Reduction of treatment efficacy/drug polytherapy 
Reduced independence 
Less controllable and less predictable disease with “off” periods 


Dyskinesias 

Motility problems and falls 

Dysphagia 

Psychiatric signs 
Amyotrofic lateral Direct request of the patient and family 
sclerosis Severe psychological, social, spiritual suffering 


Pain control requiring high doses of analgesics 

Need for enteral feeding (PEG, NGT) for dysphagia/malnutrition 
Presence of dyspnea or hypoventilation with FVC <50% or 
aspiration pneumonia 

Loss of motor functions in at least two parts of the body. 
Difficulty in verbal communication, asthenia 

Cognitive disturbances 

Recurrent infections 
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Table 1 (continued) 


Dementia Unable to walk unassisted and urinary and fecal incontinence and 
insignificant and incoherent conversation (<6 words/day) and unable 
to perform daily activities (PPS <50%) 

MORE ONE OR MORE OF THE FOLLOWING 

Weight loss (10% in the last 6 months) 

Recurrent urinary tract infections 

Pressure ulcers (stage 3 or 4) 

Recurrent fever 


Liver failure Reduced oral fluid or solid intake aspiration pneumonia 
Non-candidate for transplantation 

MELD index>25 

SOFA index>10.5 

Complications: Sepsis or bleeding or kidney failure 


Table 2 List of general criteria to identify patient as potentially end-stage 


e Frequent hospitalizations for the same conditions (e.g. > | hospitalization within the year) 

¢ Origin from long-term hospitalization, nursing home or home care assistance 

e Nutritional decline (cachexia) 

e Elderly patient, with cognitive impairment and with fracture of long bones 

¢ Metastatic or localized neoplasm at an advanced stage 

¢ O,-home therapy, NIMV 

¢ Out-of-hospital cardiac arrest recovered but with a severe or poor prognosis 

e Patients who are candidates for transplant but not suitable for receiving it due to the 
intercurrent pathology 

¢ Need for hospitalization in or coming from long-term hospitalization/rehabilitation 

¢ Patient considered a potential candidate for or already a carrier of: artificial nutrition via 
NGT/PEG-tracheotomy-—dialysis 

¢ Bone marrow transplant (high-risk patients) 


and social sphere. A comprehensive geriatric assessment (CGA) allows to identify 
the strong relationship between different domains/dimensions: biological, func- 
tional, psychological, and social which interacting with each other characterize the 
great complexity of the older patient. It is known in many studies that elderly 
patients had a greater chance of survival at home if they received CGA upon admis- 
sion to hospital [26] and it could probably help in answering the ethical dilemmas 
related to DNI orders in this category of patients but we have few researches in this 
area. The factors to consider in the approach to the elderly patient are essential: 
aging, comorbidities, use of drugs, malnutrition, cognitive impairment, and func- 
tional decline better known as a condition of “frailty.” All of these elements are part 
of the “comprehensive geriatric assessment” defined as a process used by healthcare 
practitioners to assess the status of older people in order to optimize health manage- 
ment and care [27, 28]. These people often have complex, multiple, and interdepen- 
dent problems (multimorbidity) which make their care more challenging than in 
younger people, or those with just one medical problem. CGA is the core job of 
geriatricians although many other health professionals have not heard of it or are 
unaware of what it actually is [29]. The use of CGA improves the outcomes for 
people who are older and frail. From many studies (more than 1200 under the 
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heading “Comprehensive Geriatric Assessment’ in “PubMed” from 1969 to today), 
the scientific community has shown that the CGA and the individual care plan that 
derives from it: (a) constitutes the specific element that characterizes continuous 
assistance to the older patient; (b) increases diagnostic accuracy and the implemen- 
tation of interventions capable of slowing down functional decline and improving 
the quality of life of frail elderly people; (c) allows greater appropriateness in the 
use of resources, a reduction in costs, and an improvement in the organization and 
quality of care; and (d) it is particularly effective when it is applied in a network of 
hospital and territorial services [30]. 


Palliative Care 


In the case of non-start or suspension of intensive treatment due to lack of appropri- 
ateness in patient with a DNI order, it is necessary to start palliative care paths that 
guarantee a dignified accompaniment through not only the management of disturb- 
ing physical symptoms (dyspnea, pain, delirium) but also of the psychological prob- 
lems that are equally worthy of attention and care. Therapeutic withdrawal must not 
turn into patient abandonment and palliative care must be guaranteed at all levels of 
assistance and in every care settings (from home, nursing homes, hospital wards, 
and intensive care). These palliative care interventions must also include paths in 
the management of bereavement by family members. NIV can play an important 
role in a context of palliative care as life support in patients who refuse intubation 
or for whom it is not appropriate. It has been seen how the palliative use of NIV in 
the end of life of patients with solid tumors produces a positive effect in reducing 
dyspnea and morphine doses in cancer patients [31]. NIV is increasingly used as a 
palliative strategy when endotracheal ventilation is inappropriate (patients with “Do 
Not Intubate Order’), although its effectiveness for relieving symptoms in end-of- 
life care is controversial [32]. Palliative ventilation can be administered to alleviate 
the symptoms of respiratory distress in advanced stages of diseases and to manage 
patients with respiratory failure who present suffering from severe dyspnea not 
respondent to usual pharmacological strategies. However, the prescription of NIV in 
this context (palliative care and older patient with advanced stages of diseases) 
requires further studies because of these patients have many problems and comotr- 
bidities that can complicate the management of acute respiratory failure [33]. 
Pharmacological interventions in the management of the main disturbing symptoms 
must be considered such as dyspnea and anxiety-agitation. Dyspnea is “a subjective 
experience of fatigue in breathing that consists of qualitatively distinct sensations 
that can vary in intensity. The experience derives from the interaction of many phys- 
iological, psychological, social and environmental factors and can induce second- 
ary physiological and behavioral responses” [34]. Opiate drugs have an indication 
for the control of terminal dyspnea, as they exert a series of effects on patient seda- 
tion, analgesia, anxiety reduction, and also reduce CO), sensitivity [35]. For the 
opioid-naive patient, a gradual adjustment in dosage should be made to prevent 
unpleasant side effects. For dyspnea refractory to therapy or in the impossibility of 
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taking oral therapy, parenteral administration must be carried out. The early posi- 
tioning of the infusor for the continuous administration of morphine in patients not 
candidates for intubation should also be evaluated. Non-pharmacological interven- 
tions include: environmental (prefer orthopedic decubitus, comfortable clothing, 
keep a flow of air near the face: ventilation of the room, opening the windows, small 
fan to be held in the hand directed towards the mouth and nose, freshening the face 
and body, balanced distribution of care during the day to limit stress, divide meals) 
and relational interventions (explain what happens, offer active listening, body con- 
tact through touch, support and associate family members with care, propose relax- 
ation techniques, and breathing exercises). In case of anxiety, fear, anguish, and 
restlessness, the use of benzodiazepines associated with the relational factors 
described above should be considered. In addition, in the presence of symptoms 
refractory to therapy or intolerable to the patient, the option of palliative sedation 
should be considered. In particular, in the absence of advance directives already 
formulated, an “Individual Care Plan” (ICP) is configured as the only adequate tool 
to prepare a shared path of palliative care. The ICP identifies the acts of care that the 
multidisciplinary team considers ethical and appropriate to be pursued. The 
European Association of Palliative Care (EAPC) attached great importance to 
advance directives as an interaction between the person, family members, and health 
professionals about choices and preferences at the end of life [36]. 


Conclusive Remarks 


The DNI order poses a series of ethical dilemmas and clinical assessments espe- 
cially in the older and complex patient. To date, the lack of health care advance 
directives remains high. Often the patient’s wishes are not known and the DNI (“Do 
not Intubate”’) or DNR (“Do Not Resuscitate’’) orders are often attributed to very old 
people simply on the basis of age or the presence of terminal diseases in a frame- 
work of ageism widespread even in the same medical class. Some studies conducted 
on the impact of the DNI or DNR order on the mortality rate of patients admitted to 
hospital have shown that the possibility of dying of patients with this order is higher 
than those who do not have this label [37]. Ethical considerations would also impose 
not to misuse these medical acronyms essentially for five reasons: problems with 
the language, the negative impact of these terms on mortality, wrong media repre- 
sentation of cardiopulmonary resuscitation (especially in older people), lack of 
awareness of the meaning of the term in different care settings, and the problem of 
patient consent [38]. Certainly, the DNI order could not be considered an indication 
for NIV; however, the use of NIV as a palliative methodology is increasing espe- 
cially in older and complex patients and at the end of life [39]. Some authors sug- 
gest that DNI activities on very elderly patients with respiratory failure admitted to 
hospital should be conducted outside the ICU. This situation could be important in 
reducing anxiety and depressive symptoms and in improving pain and psychologi- 
cal distress related to DNI and the palliative context [40]. Other authors have high- 
lighted that in a cohort of very elderly patients hospitalized for respiratory failure 
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and with decision DNI, 12 h of NIV, conducted in a geriatric ward with high nursing 
care and family support, not only improve respiratory function but also allow dis- 
charge in 75% of cases [41]. 

Ideally, decisions regarding invasive and life-saving therapies (from endotra- 
cheal intubation to cardiopulmonary resuscitation to oxygen therapy and NIV) 
should be made first by the patient in the course of a chronic terminal illness through 
the tool of advance directives. When a patient (or his delegate such as a family 
member or surrogate) clearly understands their current health status (diagnosis, 
treatment options, and prognosis) and he is able to agree on the goals of care accord- 
ing to his health conditions and life expectancy, the treatments are more adequate 
and relevant to the patient’s wishes. This would not only improve the patient’s qual- 
ity of life but would also relieve physicians of ethical dilemmas relating to the best 
choice of treatment. 

This ideal situation unfortunately clashes with the dynamic nature of the chronic 
pathology (episodes of exacerbation alternating with periods of stability), the uncer- 
tain prognosis, and the tendency for people to talk little about advance directives for 
treatment. Furthermore, the situation becomes complicated when these decisions 
must be made in the presence of crises (such as exacerbations of respiratory failure) 
that increase the possibility of imminent death. The question is open and still insuf- 
ficient regarding the possibility to work on advance directives and to structure an 
adequate individual care plan (ICP) to prepare a palliative approach. 

Today, the expectations placed on physicians are very high, if not excessive, both 
in terms of clinical skills and relationships with patients and their families. Although 
these issues are very topical, there is still very little training in biomedical ethics for 
healthcare professionals. The evolution of science and technology requires that phy- 
sicians should be aware of the ethical issues relevant to end-of-life care [42]. It is 
therefore essential to invest more in this type of training, to ensure that the new 
generations of physicians and other health care professionals, within their respec- 
tive roles, are better equipped to meet new challenges in medical ethics also in rela- 
tion to the world crises that we are experiencing as the Covid-19 pandemic. 
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Introduction 


Since its initial outbreak in April 2009, the pandemic H1N1 virus has posed a chal- 
lenge to health systems around the world, compelling them to make available the 
benefits of scientific and medical progress to the entire population. Some of the 
most significant demands were access to early diagnostics, vaccines, and antiviral 
treatments as well as the responsiveness of hospital care, particularly in seriously ill 
patients who required [1] attention in intensive care units (ICUs). The increased 
demand of medical care during an influenza pandemic is a heavy burden for any 
health system as it is added to the regular demand for healthcare, which should not 
become paralyzed. 
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Importance of ICUs 


During the pandemic of influenza A (HIN1), as happened during the severe acute 
respiratory syndrome (SARS) outbreaks, ICU availability was necessary to save 
lives. The ICU should have the following staff and equipment available. 


¢ Medical staff trained in intensive care 24 h a day, 7 days a week 
¢ Inhalation therapy staff 

¢ Biomedical engineering personnel 

¢ Highly trained nursing staff for critically ill patients 

e Sufficient, adequate modern technical equipment 


Pandemic influenza is an infectious disease, so it is important to develop strate- 
gies to reduce the risk of infection within hospitals [2]. 
The institutional response should focus on the following areas. 


¢ Institutional Influenza Committee (ITC) 

e Supplies 

¢ Capability of providing sufficient medical care 

e Available care in ICUs 

¢ Clinical care available for health care workers (HCWs) 

e Prevention of nosocomial infections and their transmission to others 
¢ Motivation of HCWs 


Standardized protocols for managing the critically ill patient alone are not 
enough to provide quality care. It is the combination of all the aforementioned fac- 
tors that would provide an environment for quality care [3]. 


Committees 


The IC should coordinate efforts from all hospital departments involved in the 
clinical care of influenza patients. The IIC is composed of representatives from all 
of the departments involved: medical, nursing, administration, clinical laboratories, 
support services, teaching, physical security, and social communication [4]. 

The IC can take the steps necessary to ensure quality of care in the ICU and 
other wards and departments using the most up-to-date practices. It evaluates the 
local experiences but also reaches out to other institutions at national and interna- 
tional levels. The flow of information during the 21st century is a tool that the IIC 
should understand and avail. 

The HC should also strengthen the implementation of standard precautions for 
prevention of nosocomial infections. Under the standard practices model, everyone 
in the hospital setting should be considered both potentially infectious and suscep- 
tible to infection, for example, during procedures that form aerosols (endotracheal 
intubation, fibrobronchoscopy, aspiration, noninvasive mechanical ventilation). 
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HCWs should have sufficient protocols, training, and materials to protect them- 
selves, patients, and others while providing quality care. The IIC should be directly 
involved in creating such an environment and should develop the tools to evaluate 
compliance to protocols and performance of these operations. 


Hospital Organization 


To protect patients, personnel, and visitors, it is necessary to strengthen surveillance 
and restrict access and patient flow in the hospital. At the entrance of consultation 
services, monitoring stations consisting of medical or paramedical personnel with 
gel sanitizer and respiratory masks must be in place to question arriving patients or 
visitors about the presence of fever and/or respiratory symptoms. 

In the emergency room, it is necessary to have a separate access point and wait- 
ing room for patients with respiratory symptoms. There should also be a dedicated 
triage area for filling out a questionnaire, assessing vital signs, and pulse oximetry. 

Influenza patient should be hospitalized in an area separated from the rest of the 
patient population. Health personnel should not rotate to other services because this 
practice provides better care to the patients and reduces the risk of other workers 
being exposed to the virus. 

When the demand for care and hospitalization increases, rational use of hospital 
resources must be ensured. As half of the patients are young with little serious coex- 
isting disease, elective surgery and non-urgent procedures should be postponed. 

Also, supplies of key items for treating influenza patients (e.g., drugs, medical 
devices, supplies for prevention, clinical laboratory tests, radioimaging) should take 
priority. 

Avoid overcrowding and reduce contact between staff members. It is not advisable 
for health personnel to concentrate in poorly ventilated areas or in crowds. Information 
sessions can be conducted in classrooms or large rooms for necessary briefings. 


Personnel Management 


Overall, the workload for the average employee serving hospital patients increases 
during an epidemic. There are increased numbers of patients on mechanical ventila- 
tion and seriously ill patients who require more care and generate more tension as 
they offer contagion risk. At the same time, there is a rise in emergency room 
patients along with a lower number of workers due to illness or disability or to 
decreased attendance associated with an individual’s decision to avoid exposure. 

A key part of a hospital’s response is the provision of information to all staff on 
all shifts. Such information should be given with common sense and making the 
HCWs feel that they are important to the institution and are part of the responsibility 
and commitment of the authorities. It is also important to ensure break shifts where 
the worker can leave the hospital, with no liability related to the management of the 
epidemic. Such measures can help avoid the “burn-out” syndrome. 
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Patient Discharge 


Patients are discharged after improvement, transfer, or death. For each of these situ- 
ations, it is indispensable to prepare all of medical and paramedical logistics to 
facilitate the situation. For example, many patients require supplemental oxygen, 
which should be provided and connected to the patient before discharge. Pulmonary 
rehabilitation programs also should be scheduled before discharge. 

A critical care ambulance with trained staff is required for most patient transfers. 
The institution should verify that the ambulance has all the human and material 
resources. In case of death, the Pathology Department staff must be notified. So they 
can take appropriate actions regarding safe management of the body and use per- 
sonal protective equipment themselves [5]. 


NIV During the COVID19 Pandemic 


The use of NIV has played an increasingly relevant role in respiratory infection by 
SARSCov2; at the beginning of the pandemic early oro-tracheal intubation (OTT) 
was recommended, so the guidelines did not recommend NIV with the passage of 
time it gained its place and is currently an excellent option having an important 
participation in high-flow ventilation. 


Handling of Protocols 


At the start of an epidemic, standardized care protocols for handling cases should be 
published by the Ministry of Health (in countries that have one) and hospital 
authorities. 

Other organizations, such as professional associations, may also publish their 
own recommendations. It is important to reach a consensus practice as it is desirable 
that health personnel in charge adhere as much as possible to what their health sys- 
tem agreed were the optimum conditions for their system [6]. 

During a pandemic, recommendations may change, and doses, procedures, and 
therapeutic indications may be constantly revised. One example was the use of NIV 
during a human pandemic, which initially was contraindicated because of the risk 
of contagion, aerosolization, and the risk to health care personnel. In retrospect, 
NIV benefited patients who were subjected to it in the form of noninvasive mechani- 
cal ventilation or intubation not authorized by the patient. A similar experience was 
reported in the SARS and MERS epidemics, and SARSCoV2 pandemic. 
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Key Major Recommendations 

e A triage system is mandatory in pandemic influenza 

e Noninvasive ventilation is a major resource in the pandemic 
¢ Psychological counseling 

¢ Influenza committee in necessary 

e Supplies 
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Introduction 


Noninvasive ventilation (NIV) has been an indispensable aid to save lives since the 
polio epidemic. NIV was done in patients with SARS in 2002-2003, during pan- 
demic avian influenza (H5N1) in 2003 and the HIN1 epidemic in 2009. During the 
SARS-CoV-2 pandemic, its use was on a large scale worldwide. The use of NIV in 
severe hypoxemic respiratory failure is controversial and is used as a first line ther- 
apy. It may avoid tracheal intubation in elevate percentage of cases. One peculiar 
case is the application of NIV during an episode of Acute Respiratory Failure during 
a pandemic. In this context, the use of NIV has sometimes been discouraged due to 
the possibility of dispersion of droplets and the possible contagion of caregivers and 
the spread of the infection. However, it was described by Simonds et al. [1] that how 
NIV is a droplet generating procedure, producing droplets >10 um so that they are 
not likely to remain airborne. In any case, with any device, whether for NIV, 
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high-flow nasal cannula (HFNC) or oxygen only, it is imperative that when these 
devices are used, all prevention strategies are implemented. HEPA filters and proper 
PPE, including N-95 masks, must be used to protect health-care providers. When 
necessary, the patient should be managed in negative-pressure rooms. The timing of 
the NIV application is crucial in determining its success. When NIV is used to avoid 
intubation instead of oxygen therapy, the main pathophysiologic goal is to apply 
positive end-expiratory pressure to recruit the collapsed alveoli that are a well- 
defined mechanism of ARF when pulmonary infiltrates are present. 


Ventilatory Strategy in H1N1 


Pandemic influenza H1N1 is an influenza virus that was first described in Mexico 
and the USA in 2009, characterized by sudden and rapidly progressive respiratory 
failure with persistent hypoxemia, bilateral pulmonary infiltrates, and low-arterial 
oxygen tension (PaO,)/inspiratory oxygen fraction (FiO,) ratio that often met ARDS 
criteria. NIV is not to be applied as first-line treatment in pandemic H1N1, an asso- 
ciated respiratory failure for the poor clinical efficacy in severe respiratory failure 
that rapidly progresses to refractory hypoxaemia and ARDS. 

In a multicentre observational study, the authors showed that NIV effectively 
prevented endotracheal intubation in 48% of the patients with acute respiratory fail- 
ure and pulmonary infiltrates due to HIN1 infection. In contrast, in the subgroup of 
patients not needing immediate intubation for a life-threatening condition, the suc- 
cess rate increased up to 75%. NIV success was associated with a lower incidence 
of addiction to infectious complications and increased ICU survival than those who 
failed NIV. There was, however, the large variability of NIV success between the 
studies, highlighting the fact that several factors may have influenced the different 
outcomes of the patients. The efficacy of NIV may be attributed to early enrolment 
(PaO,/FiO, < 300) and the rapid response of gas exchange within the first few hours 
of ventilation so that those patients who did not improve rapidly were switched 
promptly to invasive ventilation to avoid unduly delay the timing of intubation [2]. 
Esquinas et al. [3] found that NIV has a role in managing early respiratory failure 
due to pHIN1 infection following a review of the existing literature. However, NIV 
has no role in severe respiratory failure and ARDS related to severe pHIN1 infec- 
tion. These patients must undergo endotracheal intubation and invasive ventilation. 
In NIV cases, the full face mask was the interface choice in alternative to the helmet, 
sometimes. The conclusions regarding the success of NIV were very variable. A 
variability from 13 to 80% in noninvasive mechanical ventilation utilization rate 
was found among patients requiring ventilatory assistance, with extreme variations 
in success rate reported within similar geographical areas [4]. 

Among NIV failure causes are refractory hypoxaemia and shock, with multior- 
gan failure being the most unfavourable. The mortality is lower in patients treated 
with NIV versus invasive ventilation. Although the Chinese and European investi- 
gations appear to favour NIV use, the Canadian study did not favour its use (Table 1). 
However, most of the observations are retrospective, and the patients who were 
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Table 1 Published data on noninvasive ventilation (NIV) during pandemic influenza A H1N1 


First author 
Kaufman 


Year 
2009 


Country 
Australia 


Study design 
Multicentre, 
prospective 
cohort 


(n 53) 


Interface 
Face mask 


Received 
NIV 


0 


NIV 
failure 


100% 


Perez-Padilla 


2009 


Mexico 


Retrospective, 
multicentre 
Cohort (1 598) 


Face mask 


N518 


Rello 


Djibre 


2009 


2009 


Spain 


France 


Multicentre 
cohort (n 532) 
Case 1: Pregnant 


Face mask 


Face mask 


Kumar 


2009 


Canada 


Prospective, 
observational, 
Multicentre 
cohort (1 5168) 


Face mask 


Dominguez- 
Cherit 


2009 


Mexico 


Mexico 
prospective, 
observational, 
Multicentre 
cohort (n 558) 


Face mask 


Miller 


Li 


2009 


2010 


USA 


China 


Monocentre, 
observational 
Cohort (n 547) 
Retrospective, 
monocentre 
Cohort (1 575) 


Face mask 


Face mask 


NS515 


N 533 


85% 


30% 


Koegelenberg 


2010 


South Africa 


Monocentre, 
observational 
Cohort (n 519) 


Face mask 


N56 


66.6% 


Winck 


2010 


Portugal 


Case report (n 


51) 


Face mask 


Esquinas 


2010 


International 
NIV 
Network 
survey 


Prospective, 
international, 
Observational 
cohort 


Face mask 


Hajjar 


2010 


Brazil 


Monocentre 
cancer patients, 
Observational 
study cohort 

(n 58) 


Face mask 


N58 


62.5% 


Louriz 


2010 


Marocco 


Observational, 
prospective, 
Multicentre 
cohort (n 5186) 


Face mask 


N 510 


100% 


Adigu zel 


2010 


Turkey 


Observational, 
monocentre 
Cohort (n 519) 


Face mask, 
nasal 
cannula 


Nasal 
cannula: 
n54 


(continued) 
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Table 1 (continued) 


Received | NIV 
First author Year | Country Study design Interface NIV failure 
Nin 2011 | Spain Multicentre, Face mask | N.543 171% 

observational, 

Prospective 

cohort (n 596) 

RI’OS 2011 | Argentina Face mask | N 549 94% 

Liu 2011 | China Retrospective, Face mask | N 23 23 

observational, 

Monocentre 

cohort (n 562) 
Timenetsky 2011 | Brazil Prospective, Face mask | N 470 58.4% 

observational, 

Monocentre 

cohort (n 514) 

Grasselli 2011 | Italy Prospective, Face mask | N 513 97% 

observational, 

Monocentre 

cohort (n 519) 

Belenguer- 2011 | Spain Retrospective, Face mask | N 510 0 

Muncharaz observational, and 

Monocentre Hekmet 

cohort 

Masclans 2012 | Spain Prospective, Face mask | N 5177 59.32% 

observational, 

Multicentre 

registry cohort 
Zhang 2012 | China Retrospective, Face mask | N 583 24.32% 

observational, 

Monocentre 

cohort (n 5394, 

Including | 

pregnant subject) 


directly intubated were more serious, elderly, and sicker than those treated with NIV 
initially. Therefore, it is unclear whether, incomparable patients, failure of NIV 
would not increase mortality compared with early intubation. 


Approaches to Ventilating SARS-CoV-2 


Appeared in December 2019, during the first months of 2020, coronavirus disease 
2019 (COVID-19) rapidly became a public health emergency requiring hospitaliza- 
tion in approximately 14% of infected patients. It manifests itself with severe acute 
hypoxemic respiratory failure in nearly 30% of hospitalized patients requiring oxy- 
gen and noninvasive respiratory support and intensive care unit (ICU) admission in 
approximately 5% of cases. The percentage of patients requiring noninvasive respi- 
ratory support varied greatly among the studies, ranging from 11% to 96%, with 
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higher usage rate in China, and lower rate in North America and Italy (11%). The 
Italian authors reporting a higher need for IMV in their critically ill population 
compared with other studies. The mortality rate in patients requiring advanced 
respiratory support ranged from 62 to 97%, 14-16, with nearly 25% of patients 
remaining critically ill [4]. Brusasco et al. suggested, based on their experience, that 
several subjects with moderate-to-severe ARF due to SARS-CoV-2 pneumonia may 
be amenable to high flow or CPAP, even with gas exchange and CT pattern usually 
considered as indications for invasive mechanical ventilation or even extracorporeal 
oxygenation in typical ARDS [5]. Lung injury and the pathophysiological and ana- 
tomical features of COVID-19 related lung infection are different from classic 
ARDS, for which invasive mechanical ventilation is considered the standard of care. 
The first observations in few intubated patients suggest that SARS-CoV-2 ARF may 
be different from typical ARDS for a relatively conserved respiratory mechanics 
despite comparably severe shunt (PaO,/FiO,) and CT abnormalities [6]. Coronavirus 
disease 2019 is primarily causing injury to the capillary endothelium instead of 
essential injury to the alveolar epithelium. Lungs altered by SARS-CoV-2 show 
marked ventilation—perfusion mismatch but conserved compliance, making the 
recruitment manoeuvre and the utilization of high-positive end-expiratory pressure 
possibly deleterious. At first, attempts were made to establish timing for intubating 
patients when it was not too late but was unsuccessful [7]. Noninvasive positive- 
pressure ventilation includes treatment with continuous positive airway pressure 
(CPAP) and bilevel positive airway pressure (BiPAP). Continuous positive airway 
pressure is useful in AHRF as it recruits collapsed alveoli and improves ventilation— 
perfusion matching and, therefore, oxygenation. BiPAP is useful for treating hyper- 
capnic respiratory failure as it supports ventilation by using a different level of 
in- and expiratory continuous airway pressure, thus increasing tidal volume and 
minute ventilation. Patients with COVID-19 pneumonia and ARDS typically have 
severe hypoxemia and relatively well-preserved lung mechanics. Indeed, it was rea- 
sonable to assume that patients with COVID-19 benefited from CPAP therapy. 
However, many patients with COVID-19 and severe respiratory failure are obese 
and may have risk factors for hypercapnia or hypoventilation such as obstructive 
sleep apnoea and hypoventilation obesity syndrome, and BiPAP treatment is con- 
sidered. Guideline recommendations on the use of NIV in COVID-19 are conflict- 
ing [8]. Conflicting recommendations have arisen from the uncertainty about the 
benefits and possible complications of NIV in patients with COVID-19 and, above 
all, the concern that the aerosol produced by the use of NIV represents a potentially 
high risk of infection for healthcare professionals. Some centres have described 
patients’ successful treatment with PaO,/FiO, < 100 with CPAP as noninvasive 
treatment of choice in the first line. Invasive mechanical ventilation was considered 
after 4 days of unsuccessful CPAP [4, 5, 9]. Helmet or masks have been used com- 
monly in Italy during the COVID pandemic with good results, depending on the 
individual. The appropriate choice of interface could improve tolerance and out- 
comes in patients. It is recommended to use low-tidal volume (VT) ventilation (VT 
4 — 8 mL/kg of PBW) instead of higher tidal volumes (VT > 8 mL/kg PBW). 
Additionally, a higher PEEP (> 10 cmH,O) strategy should be preferred over a 
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lower PEEP, it should be titrated according to FiO, to preserve an appropriate SpO, 
to reduce atelectasis and alveolar hyperinflation as well as pulmonary vascular 
resistance. 


High-Flow Nasal Cannula (HFNC) 


HFNC refers to high-flow, potentially oxygenated gas, warmed and humidified to 
body temperature, provided via nasal cannula at maximum flows varying from 40 to 
80 L/min depending on the device. It is a fairly recent technology that has emerged 
in recent years, with increasing evidence in treating hypoxemic and hypercapnic 
respiratory failure. The warm and humidification also improve to maintain hydra- 
tion and mobility of secretions and to preserve mucociliary work [10]. The tolerance 
of the interface is extremely high. Many reports are emerging on the use of HFNC 
in patients with COVID-19. However, there is currently insufficient evidence to 
establish the effectiveness of HFNC compared with NIV in COVID-19. Some 
patients fail to oxygenate adequately with HFNC and go on to improve with the 
helmet, presumably because of the helmet’s greater positive airway pressure. In 
contrast to this in many other cases, HFNC has been successful when the helmet 
fails, mainly because of patients’ better tolerance of HFNC. Similarly, a fraction of 
recently extubated patients or weaned from helmet or NIV who demonstrate respi- 
ratory distress or hypoxemia may be stabilized without requiring reintubation with 
HENC. The available reports to date suggest that HFNC provides high concentra- 
tions of oxygen to the patients who cannot reach conventional devices [11]. HFNC 
can reduce intubation in subjects with COVID-19, the length of intensive care unit 
stay and complications related to mechanical ventilation. Moreover, HFNC can 
achieve apneic oxygenation in patients during airway management. The HFNC is 
commonly used in patients with hypoxemic respiratory failure [12]. Due to a lim- 
ited number of ventilators available in hospitals, the use of HFNC may be a good 
option to use before patients develop severe hypoxemic respiratory failure. WHO 
guide claims that HFNC does not create a wide dispersion of exhaled air and should 
be associated with a low risk of transmission of respiratory viruses. 


Prone Position 


More studies suggest the prone position (PP) during the ARDS treatments during 
the ventilation of COVID-19 patient. The PP increases the media ratio of arterial 
oxygen tension to the fraction of inspired oxygen (PaO,/FiO,) by +35 mmHg and 
decreases mortality in moderate-to-severe ARDS. PP was only recommended in 
severe ARDS with PaO,/FiO, < 100. PP has shown to have some basic physiologi- 
cal advantages. By proning, the lung’s dependent areas become non-dependent, 
which helps reduce the V/Q mismatch as more perfused part of the lung gets more 
ventilation. Secondly, the weight of the thoracic structures also reduces the already 
inflamed lung. Thirdly, the PP has been associated with better secretion clearance 
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[13]. PP has been frequently used in non-intubated patients with COVID-19; stud- 
ies show great tolerance and enhanced oxygenation and lung recruitment. Published 
studies lacked a description of important clinical outcomes [14]. It is unclear 
whether PP significantly changes mortality because the available studies that 
reported mortality lacked control groups and did not adjust for clinically signifi- 
cant patient characteristics or illness severity [13, 14]. Both NIV and HFNC tech- 
niques work with two different mechanisms, and from a theoretical and 
physiological point of view, they open collapsed alveoli and increase residual func- 
tional capacity. In this way, further improving ventilation—perfusion matching and 
reducing intrapulmonary shunt and improving lung compliance, thus decreasing 
the respiratory load. NIV and HFNC open collapsed alveoli and increase residual 
functional capacity. The result is the improvement of ventilation—perfusion match- 
ing and reduction of intrapulmonary shunts and improving lung compliance, thus 
decreasing the respiratory load. In this regard, combining PP with HFNC and NIV 
in ARDS may result in better physiological effects on ventilation—perfusion mis- 
match while positive pressure support is applied. Gattinoni et al. described two 
time-related phenotypes of COVID-19 pneumonia. Initially, many patients experi- 
ence severe hypoxemia in the absence of dyspnoea and lung compliance mainte- 
nance with low-ventilation/perfusion (V/Q) ratio. Over time, the lung picture ends 
in a classic form of ARDS with low-lung compliance [15]. They proposed that 
hypoxemia in the first phenotype is the dysregulation of lung perfusion and hypoxic 
vasoconstriction loss. The PP is the more uniform distribution of lung tissue 
between dorsal and ventral floors representing a more uniform honeycomb archi- 
tecture. Besides, it also brings a more uniform distribution of pulmonary perfusion. 
Therefore, in the early stages, the combined use of HFNC with PP restores hypoxic 
pulmonary vasoconstriction, compromised at low-oxygen levels and prevents dys- 
pnoea worsening. Simultaneously, a redistribution of lung tissue with auto-proning 
alters the stress-to-lung relationship and intrathoracic forces, slowing down the 
formation of pulmonary oedema and progression of the disease from first to the 
second phenotype. This caring approach would have importance in limited- 
resource applications countries where there may not be sophisticated intensive care 
techniques. 


Do Different Clinical Phenotypes Require 
a Different Approach? 


They identified three main phenotypes of COVID-19 patients based on chest CT 
imaging in COVID-19: (1) focal, ground-glass opacities; (2) inhomogeneously dis- 
persed atelectasis; and (3) a patchy, ARDS-like pattern. Each patient with a different 
radiological pattern can benefit from various treatments and ventilator settings and 
suggest customized mechanical ventilation strategies based on respiratory mechan- 
ics and chest CT models [16]. 

Radiological Pattern 1: Good compliance but severe hypoxemia. PEEP should be 
set with the aim to redistribute pulmonary flow and reduce shunting. In this case, 
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using the principles generally applied in ARDS, and thus setting the PEEP accord- 
ing to the best driving pressure, will probably lead to lower PEEP (as the compli- 
ance is good), resulting in less oxygenation [16]. 

Radiological Pattern 2: Atelectasis and derecruitment are predominant. In this 
case, high PEEP and prone positioning can recruit non-aerated areas of the lung. 
Recruitment manoeuvres (RMs) may play a role in these cases [16]. 

Radiological Pattern 3: Typical CT pattern of moderate-to-severe ARDS, with 
alveolar oedema and low compliance. Respiratory settings should follow the gen- 
eral principles applied for ARDS. PEEP should be set according to the best driv- 
ing pressure; eventually, RMs, prone positioning, and ECMO may be 
considered [16]. 

In pattern 1, lung compliance is preserved or even elevated; chest CT shows no 
or few alveolar areas to recruit, but relatively high-perfusion areas (Fig. 1). In these 
cases, hypoxemia’s leading cause seems to be not atelectasis but impaired distribu- 
tion of lung perfusion and shunting. Moderate PEEP levels may therefore be able to 
redistribute pulmonary blood flow from damaged to non-damaged lung areas; how- 
ever, higher PEEP levels can impair cardiac function, thus increasing the need for 
fluids vasoconstrictor drugs without having essential effects on oxygenation. Tidal 
volumes >6 mL/kg should also be considered. In pattern 2, atelectasis is inhomoge- 
neously distributed (Fig. 2). Moderate-to-high PEEP can be therefore useful to 
improve lung recruitment and lateral or prone positioning. In pattern 3, general 
principles applied to ARDS management should be used, including low-tidal vol- 
ume (<6 mL/kg) and PEEP titration according to PEEP/FiO, table and respiratory 
mechanics (Fig. 3). 


Moderate PEEP should be 
set in order to redistribuite 
pulmonary flow and reduce 
shunt. Lung compliance 
normal or even high but is 
present severe hypoxiemia 


Multiple, focal, ground 
glass opacities 


Fig. 1 Radiological pattern 1 represented by focal ground glass opacities and ventilatory approach 
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Moderate to high PEEP 
and or lateral/prone 
positioning my be able to 
recruit no ventilated areas. 
Atelectasia is prevalent 


Inomogeneously distributed 
atelectasis and 
peribronchial opacities 


Fig.2 Radiological pattern 2 represented by inhomogeneously dispersed atelectasis with peribro- 
chial opacities and ventilatory approach 


- Follow the principles applied 
Patchy ARDS- like : for ARDS according to low 
patterns - PaO2/FiO2 PEEP table. 


Alveolar edema 
and low compliance 


Fig.3 Radiological pattern 3 represented by patchy ARDS-like patterns and ventilatory approach 
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Conclusion 


Based on current evidence, NIV was considered as an alternative to early intubation. 
The choice of the type of NIV derived from case-by-case decision-making that took 
into account a patient’s basic characteristics, such as agitation, needs for sedation, 
the possibility to independently move into a PP and the presence of comorbidities 
such as obstructive apnoea, heart failure, and pre-existing severe lung disease. Other 
clinical conditions, early intubation, deep sedation, and delayed weaning from 
mechanical ventilation increase mortality. Due to a limited number of ventilators 
available in hospitals, the use of HFNC may be a good option to use before patients 
develop severe hypoxemic respiratory failure. Close monitoring was required to 
decide when NIV failed, and invasive ventilation needed to proceed rapidly. 
Compared to previous pandemics, in the progression of the COVID 19 patient’s 
clinical course, we have had an extra weapon available, the HFNC. A percentage of 
patients with COVID-19 in whom modalities such as HFNC and awake proning 
have shown stabilize their respiratory condition and avoid the need for intubation. 


1. NIV represents an alternative to early intubation. 

2. Severe respiratory failure secondary to HIN1 and SARS-CoV-2 virus may 
require treatment with NIV or CPAP. 

3. Current evidence offers a discordant view depending on the clinical experience 
of single centres. 

4. HFNC was found to be an additional weapon in respiratory support and weaning 
from NIV. 

5. PP has been show high tolerance and improvement in oxygenation and lung 
recruitment. It is unclear whether it affects mortality. 
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